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Jupiter  and  Saturn  must  have  presented  to  the  earHest  observers  of  the  celestial 
motions  less  difficulties  than  the  interior  planets.  The  first  things  noted,  undoubtedly, 
were,  that  the  first  made  a  circuit  of  the  heavens  in  about  twelve  and  the  second  in 
about  thirty  years.  Then  the  retrograde  motion,  at  the  time  of  opposition,  and  its 
extent  would  be  perceived.  The  slowness  and  steadiness  of  the  motion  would  natur- 
ally suggest  the  hypothesis  of  circular  motion,  but  it  was  certainly  reserved  for  a  later 
and  more  philosophic  age  to  explain  the  later-observed  phenomenon  by  means  of  an 
epicycle. 

The  earliest  tables  of  the  motions  of  Jupiter  and  Saturn,  as  well  as  those  of  the 
other  large  planets  which  have  come  down  to  us,  are  those  contained  in  the  Syntaxis 
of  Claudius  Ptolemy.  The  annual  parallax  is  there  taken  into  account  by  one  epi- 
cycle and  the  proper  eccentricity  of  the  orbit  by  a  second.  This,  in  the  main,  is  the 
character  of  all  the  .tables  of  the  planets  until  the  publication  of  Kepler's  Tabulce 
Eudolphince  in  1627,  where,  for  the  first  time,  the  equation  of  the  center  is  derived 
from  an  elliptic  formula,  and  we  pass  from  heliocentric  to  geocentric  positions  in  the 
modern  way..  From  Kepler  onwards  the  fact  of  the  deviation  of  Jupiter  and  Saturn 
from  a  purely  elliptic  theory  was  recognized.  Many  attempts  were  made  to  better 
the  theory;  but  it  was  found  that  no  observations,  embracing  a  long  period  of  time, 
could  be  satisfied  by  elliptic  elements  varying  proportionally  to  the  time.  Halley 
seems  to  have  been  the  most  successful  in  his  tables ;  he  adopted  terms  in  the  mean 
longitudes  varying  as  the  square  of  the  time. 

It  was  not  until  1 748  that  any  computation  of  the  perturbations  of  Jupiter  and 
Saturn,  in  accordance  with  the  theory  of  gravitation,  was  undertaken.  This  was  by 
Euler.  He  appears  to  have  limited  himself  to  the  terms  which  have  the  mean  elonga- 
tion of  the  planets  from  each  other  as  their  argument.  Later  the  terms  factored  by 
the  simple  power  of  the  eccentricities  were  added  by  himself,  Lalande,  Lagrange, 
Bailly,  and  Lambert.  But  these  terms  not  bringing  about  a  reconciliation  between 
observation  and  theory,  Lagrange  and  Laplace  were  led  to  make  their  notable 
researches  on  the  possibility  of  secular  equations  in  the  mean  motions  of  the  planets. 
At  length  the  whole  difficulty  with  Jupiter  and  Saturn  was  removed  by  .Laplace's 
discovery  of  the  great  inequalities  in  1786. 

Delambre  almost  immediately  constructed  tables  for  these  planets  which  far  ex- 
ceeded in  accuracy  any  previously  possessed.  They  are  those  which  appear  in  the 
third  edition  of  Lalande's  Astronomie.    This  great  success  seems  to  have  stirred  up 
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Laplace  and  his  colaborers  to  pushing  the  approximations  still  further.  On  the  pub- 
lication of  the  third  volume  of  the  MScaniqiie  Celeste^  terms  of  the  fifth  order  with 
respect  to  the  eccentricities  and  mutual  inclination,  as  well  as  some  of  two  dimensions 
with  respect  to  disturbing  forces,  had  been  added  to  the  coefficients  of  the  great 
inequalities.  That  these  advances  might  be  utilized  Bouvard  constructed  tables  of 
the  planets  founded  on  observed  oppositions  from  1747  to  1803.  The  formulae  used 
are  very  nearly  those  given  in  the  Micanique  Celeste^  Tom,  III.  These  tables  were 
published  by  the  Bureau  des  Longitudes  in  1808.  It  was  discovered,  however,  that  the 
terms  of  the  fifth  order,  mentioned  above,  had  been  taken  with  the  wrong  sign.  This 
led  Bouvard  to  prepare  a  new  edition  of  his  tables,  which  appeared  in  182 1,  and  in 
which  this  error  was  rectified,  and  the  observations  employed  in  the  discussion  ex- 
tended to  1 8 14*  Although  Bouvard  himself  speaks  in  admiration  of  the  small 
residuals  shown  by  the  comparison  of  his  theory  with  the  observations,  yet  a  glance 
shows  their  tendency  to  a  systematic  character,  and  this,  too,  with  observations  rather 
rudely  reduced. 

Plana  undertook,  shortly  after,  to  compute  the  portions  of  the  great  inequaKties 
which  arise  from  considering  the  square  of  the  disturbing  force.f  The  results  he 
obtained  failed  to  satisfy  an  equation  of  condition  which  Laplace  had  employed  in 
his  investigation.  After  some  discussion  Laplace  abandoned  his  equation  and  sub- 
stituted for  it  another,  which  Plana's  results  were  as  far  from  satisfying  as  before. 
PoNT^couLANT  then,  taking  up  the  subject,  discovered  that  Laplace's  results  had  been 
taken  with  the  wrong  sign,  and  that  Plana  had  made  errors  of  some  importance  in  his 
investigation.  When  these  oversights  had  been  corrected  the  different  results  were 
brought  into  tolerable  agreement. 

However,  the  failure  of  Bouvard's  tables  to  better  represent  observations,  and 
his  getting  for  the  mass  of  Jupiter  a  value  so  much  smaller  than  was  shortly  after 
obtained  from  the  action  of  this  planet  on  the  asteroids  and  on  its  own  satellites,  can 
not  be  explained  by  this  error  of  sign.  It  is  somewhat  singular  that  no  one  has  yet 
pointed  out  the  real  cause,  which,  it  seems,  must  be  either  some  error  in  the  coeffi- 
cients of  his  formulae  or  some  error  in  putting  his  equations  in  tables. 

Neither  Laplace's,  Plana's,  nor  Pont^coulant's  determination  of  these  second- 
order  terms  can  be  regarded  as  anything  else  than  a  very  rude  and  inadequate 
approximation. 

Hansen  had,  a  short  time  previous,  imagined  a  new  method  of  treating  perturba- 
tions. In  the  Mecanique  Celeste  Laplace  had  determined  all  long-period  inequalities 
as  if  they  were  to  be  applied  to  the  mean  longitude,  and  had  so  directed  they  should, 
while  the  short-period  ones  were  derived  as  if  they  were  to  be  added  to  the  true 
longitude.  There  is,  therefore,  a  want  of  congruity,  and  even  of  rigor,  in  this  way  of 
proceeding.  For  Laplace  has  nowhere  shown  how  these  two  modes  of  application 
can  be  employed  in  unison.  It  is  plain  there  would  be  as  many  methods  of  perturba- 
tions as  there  were  opinions  as  to  the  dividing  line  separating  long  from  short-period 

•  Comparisons  extending  to  1819  are  given  in  the  preface  to  the  tahles ;  but  it  appears  those  of  the  last  five  years 
were  added  after  the  discussion  was  completod.  See,  on  this  point,  Laplace,  TMorie  Analytique  des  ProhaMUt^s,  Sup- 
plement I,  p.  21. 

f  Memoirs  Roy.  Ast.  Soc,  Vol.  II. 
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inequalities.  These  imperfections  no  doubt  attracted  the  attention  of  Hansen,  whose 
thought  must  have  been :  Since  it  is  advantageous  to  apply  the  long-period  terms  to 
the  mean  longitude,  and  indifferent  whether  the  short-period  ones  are  applied  to  the 
mean  or  true,  why  not  apply  all  to  the  mean,  and,  moreover,  compute  the  radius-vector 
and  latitude  with  this  equated  quantity  ?  Then  the  additional  quantities  necessary  to 
complete  the  values  of  the  latter  co-ordinates  would  be,  for  the  first,  a  function  of 
three  variations  of  the  elements,  and  for  the  second,"a  function  of  two  only.  This, 
undoubtedly,  was  the  origin  of  Hansen's  new  method. 

He  determined  to  apply  it  to  Jupiter  and  Saturn,  and  his  memoir,  crowned  by 
the  Berlin  Academy,  must  be  regarded  as  the  earliest  example  of  an  adequate  treat- 
ment of  perturbations  of  the  second  order  with  respect  to  disturbing  forces.  In  all 
previous  investigations  it  is  impossible  to  form  a  conception  of  the  probable  magnitude 
of  the  terms  passed  over  on  account  of  the  habit  of  the  investigator  of  selecting  here 
and  there  a  term  to  be  computed.  But  in  Hansen  the  continuity  in  the  computed 
terms  enables  one  to  form  a  fair  judgment  as  to  the  importance  of  those  neglected. 
However,  Saturn  alone  is  treated  with  a  fair  degree  of  completeness.  The  expressions 
for  Jupiter  are  limited  to  the  terms  arising  from  the  first  power  of  the  disturbing  force. 
Had  this  theory  of  Saturn  been  completed  by  the  addition  of  the  terms  due  to  the 
action  of  Uranus  and  the  whole  compared  with  the  observations  more  carefully  reduced, 
as  they  then  could  have  been  by  the  aid  of  Bessel's  Tabidce  BegiomontancBy  very  excel- 
lent tables  would  have  been  obtained.  But  Hansen  seems  to  have  been,  carried  away 
with  the  ambition  of  applying  his  peculiar  method  of  treatment  to  the  lunar  theory. 

A  long  period  of  over  forty  years  now  elapsed  without  anything  being  contributed 
to  the  theories  of  Jupiter  and  Saturn,  for  the  expressions  of  the  perturbations  given 
in  Pontecoulant's  TMorie  Amlytique  du  Systeme  du  Monde^  beyond  the  correction  of 
the  error  of  sign  in  the  second-order  terms  of  the  great  inequalities,  do  not  seem  to 
be  in  anything  more  perfect  than  those  found  in  the  Mecanique  C6leste. 

In  1 868  Mr.  Hugh  Breen  published  a  memoir  containing  equations  of  condition 
for  the  whole  series  of  observations  of  the  two  planets  made  at  Grreenwich  from  1 750 
to  1865,  and,  dividing  them  into  four  groups,  obtained  solutions  for  each.  But  as  the 
equations  contained  no  terms  for  the  corrections  of  the  acting  masses,  and  no  investi- 
gation was  made  of  the  errors  of  the  formulae  actually  employed  in  the  construction 
of  Bouvaed's  tables,  the  corrections  obtained,  when  applied  to  Bouvaed's  elements,  do 
not  give  anything  like  a  fair  approximation  to  the  actual  elements. 

Hansen,  in  1875,  published  a  memoir  on  Jupiter.  But  here,  deserting  his  earlier 
notions  on  the  lack  of  convergence  in  algebraical  developments,  he  confines  himself 
to  calculating  the  easier  terms  of  the  co-ordinates.  Hence  this  memoir  can  not  be 
.  regarded  as  advancing  much  our  knowledge  of  the  subject. 

In  the  years  1874  to  1876  appeared  Leverrier's  investigation,  concluding  with  the 
tables  which  are  at  present  employed  for  all  the  European  ephemerides.  The  method 
followed  is  that  of  attributing  the  perturbations  to  the  six  elements  of  the  Keplerian 
ellipse ;  and,  contrary  to  the  mode  followed  in  his  earlier  planetary  theories,  these 
are  also  the  quantities  tabulated.  Leverrier's  labor  is  very  much  increased  by  his 
undertaking  to  exhibit,  in  the  first  instance,  all  his  developments  in  a  form  where  all 
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the  elements,  save  the  mean  distances,  appear  as  indeterminates.  This  he  does  on  the 
plea  that,  however  far  in  the  future  the  observations  may  be  prolonged,  they  ought 
to  be  represented  by  one  and  the  same  theory.  This  notion  must  be  approved  by  all, 
but  it  must  be  pointed  out  that  it  is  not  completely  attained  by  substituting,  in  a  set 
of  formulae  belonging  to  an  old  epoch,  the  values  the  varying  elements  have  arrived 
at,  at  the  new  epoch.  It  is  true  the  two  sets  of  formulae  may  be  in  perfect  consonance, 
but  they  can  not  be  considered  as  one  and  the  same.  At  best,  this  is  but  a  distant 
imitation  of  the  method  of  obtaining  integrals  by  mechanical  quadratures.  If  we  wish 
to  have  theories  good  for  all  time  we  shall  find  ourselves  driven  to  making  the  coeffi- 
cients of  our  periodic  terms  perfectly  constant,  and  to  admitting  about  three  elementary 
constituents  into  the  arguments  for  every  planet  that  acts.  Leverrier's  hope  that  his 
work  would  serve  as  a  foundation  for  future  investigations  is  not  warranted  by  past 
experience.  For  if  at  any  time  it  is  found  not  adequate  to  present  wants  the  suspi- 
cion is  sure  to  arise  that  this  is  due,  in  part  at  least,  to  not  carefully  enough  performed 
calculations.  Besides,  we  can  not  expect  that  work  of  this  difficult  nature  will  ever 
be  undertaken  except  by  well-trained  experts,  who  will  feel  that  they  ought  to  be 
permitted  to  choose  methods  satisfactory  to  themselves.  Thus  every  investigator  of 
the  planetary  theories  sets  out  ah  origine. 

In  consequence  of  this  adoption  of  indeterminate  elements  in  the  formulae  Lever- 
rier's  values  of  the  coefficients  are  less  precise  than  if  the  latter  had  been  treated  as 
wholes.  In  the  case  of  Saturn,  however,  he  made  an  additional  development  by 
mechanical  quadratures.  .  There  is  not  a  very  close  agreement  between  the  results  of 
this  and  the  algebraically  derived  formulae.  The  difference,  for  instance,  in  the  case 
of  the  coefficient  of  the  great  inequality  exceeds  40''.  With  the  exception  of  the  terms 
constituting  the  great  inequaHty  and  a  term  denoting  a  secular  acceleration  of  the 
mean  longitude  Leverrier  employed,  in  the  construction  of  his  tables,  formulae  result- 
ing from  this  process  of  mechanical  quadratures.  The  way  in  which  the  observations 
of  Saturn  were  represented  by  this  theory  was  not  satisfactory,  the  residuals  being 
larger  at  times  than  could  be  accepted  as  errors  of  the  observers ;  and  the  comparisons 
made  with  observation  since  the  publication  of  the  tables  have  shown  residuals  some- 
what larger.  With  Jupiter  Leverrier  was  more  successful,  but  his  discussion  led  him 
to  assign  to  Saturn  a  mass  which  astronomers  at  present  regard  as  too  small.  However, 
I  have  not  been  able  to  discover  any  oversight  in  Leverrier's  theories  which  would 
account  for  these  discrepancies.  A  few  trifling  errors,  having  plainly  no  effect  on  the 
representation  of  observation,  were  all  that  were  found. 

The  desirableness  of  a  new  investigation  of  the  subject  has  been  generally  ad- 
mitted, and  fault  has  been  found  with  the  amount  of  labor  required  to  deduce  positions 
of  the  planets  from  Leverrier's  tables.  But  I  had  not  these  inducements  to  take 
up  the  subject  when  I  began  work,  for  these  tables  were  then  unpublished.  The 
long  interval  which  occurred  between  the  publication  of  Leverrier's  theory  of  Mars 
and  the  appearance  of  anything  from  him  on  Jupiter  and  Saturn  was  the  occasion  of 
leading  me  to  consider  the  undertaking.  On  making  known  to  the  Superintendent 
of  the  American  Ephemeris  my  desire  to  take  up  the  problem  I  was  relieved  from  all 
other  routine  work,  and  supplied  with  the  assistance  necessary  to  duplicate  all  my 
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computations  which  required  this  safeguard  against  error.  It  was  desired  to  abandon 
the  use  of  the  antiquated  tables  of  Bouvard,  and  it  appeared  uncertain  when  Lever- 
bier  would  publish  his. 

The  plan,  therefore,  was  to  form  theories  of  Jupiter  and  Saturn  which  would  be 
practically  serviceable  for  a  space  of  three  hundred  years  on  each  side  of  a  central 
epoch  taken  near  the  center  of  gravity  of  all  the  times  of  observation;  theories  whose 
errors  in  this  interval  would  simply  result  not  from  neglected  terms  in  the  develop- 
ments, but  from  the  unavoidable  imperfections  in  the  values  of  the  arbitrary  constants 
and  masses  adopted  from  the  indications  of  observation. 

Such  were  the  considerations  which  influenced  the  adoption  of  the  course  to  be 
followed.  As  there  was  no  desire  to  lose  time  by  forming  a  special  method  of  treat- 
ment for  the  problem  in  hand  it  was  decided  to  employ  the  method  of  Hansen,  with 
such  slight  modifications  as  the  exigencies  of  the  case  might  suggest.  On  account  of 
the  presence  of  the  great  inequalities  this  method  seemed  to  me  to  give  expressions 
best  suited  to  tabulation.  The  latest  form  of  this  method  appears  in  Hansen's  memoir 
entitled  Auseinandersetsung^  etc.  The  employment  of  the  eccentric  anomaly  of  the 
planet  whose  co-ordinates  are  sought  as  the  independent  variable  undoubtedly  aug- 
ments the  convergence  of  the  series ;  but  the  adoption  of  this  mode  of  proceeding 
would  bring  about  the  use  of  two  independent  variables,  one  for  the  co-ordinates  of 
Jupiter,  another  for  those  of  Saturn.  As  the  developments  have  to  be  pushed  to  terms 
of  three  dimensions  with  respect  to  disturbing  forces  the  heaviest  part  of  the  labor 
consists  in  forming  products  of  periodic  series,  one  of  which  belongs  to  Jupiter,  the 
other  to  Saturn ;  and  as  integration  can  not  be  performed  unless  these  products  are 
transformed  so  as  to  involve  but  one  variable  we  should  have  an  endless  series  of 
transformations  to  make.  It  therefore  seems  a  necessity  to  have  a  single  independent 
variable  for  the  whole  work.  In  consequence  the  final  form  adopted  for  all  the  periodic 
series  is  in  terms  of  the  mean  anomalies,  so  that  the  time  is  always  the  independent 
variable.  Fortunately  very  slight  and  readily  perceived  changes  only  are  necessary 
in  the  formulas  of  the  Auseinandersetzung  to  render  them  applicable  to  the  modified 
mode  of  proceeding. 

Hansen's  method  makes  two  transformations  of  the  series  representing  the  odd 
powers  of  the  distance  between  the  acting  planets  in  which  Besselian  functions  are 
employed  as  multipliers ;  and  he  has  thus  no  less  than  three  different  forms  for  these 
series,  the  first  being  that  in  which  the  eccentric  anomalies  of  both  planets  appear, 
the  second  that  in  which  one  of  the  eccentric  anomalies  is  replaced  by  a  mean  anomaly, 
and  the  third  in  which  the  expression  is  so  transformed  that  it  may  be  integrated  by 
treating  the  first  eccentric  anomaly  as  the  independent  variable.  One  of  these  trans- 
formations and  forms  for  the  series  can  be  avoided.  By  making  the  division  of  the 
circumference  with  reference  to  the  mean  anomaly  instead  of  the  eccentinc,  and  com- 
puting all  the  auxilliary  quantities  to  be  employed  so  that  they  correspond  to  the  points 
of  this  division,  we  obtain  at  once,  and  without  any  need  of  a  transformation,  the  series 
in  Hansen's  second  form.  The  additional  labor  required  to  make  the  auxilliary  quan- 
tities correspond  to  given  values  of  the  mean  anomaly  instead  of  the  eccentric  is  very 
trifling.    Consequently  I  have  adopted  this  way  of  proceeding. 
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On  arriving  at  the  treatment  of  terms  of  the  second  and  third  orders  with  respect 
to  disturbing  forces,  another,  and  as  it  seems  to  me  quite  advantageous,  modification 
was  made  in  Hansen's  method,  by  which  the  more  important  terms  of  the  third  order 
were  included  in  the  computation  of  those  of  the  second  order;  and  again,  on  making 
the  computation  of  the  third-order  terms  the  more  important  terms  of  the  fourth  order 
were  included.  Past  experience  has  shown  that  in  the  second-order  terms,  and  pre- 
sumably in  all  higher  orders,  the  secular  terms  of  lower  orders  cause  larger  modifications 
than  the  periodic  terms.  Thus  the  great  inequalities,  in  their  modification  by  the 
consideration  of  second-order  terms,  are  affected  about  six  times  more  by  the  secular 
than  the  periodic  terms.  Again,  it  is  known  that  the  second-order  terms  contribute 
very  important  portions  to  the  secular  terms.  Hence,  if  on  commencing  the  calcula- 
tion of  the  second-order  terms  one  could  attribute  to  the  secular  terms,  not  their  first- 
order  values,  but  these  augmented  by  an  approximate  estimate  of  the  corrections  which 
in  the  obvious  course  of  proceeding  would  be  found  for  them,  it  is  evident  that  the 
third-order  terms,  to  be  computed  afterwards,  would  be  much  reduced  in  magnitude. 
And  in  computing  the  third-order  terms  a  like  method  of  treatment  could  be  used  with 
like  benefit,  and  thus  the  fourth-order  terms  be  rendered  more  easily  negligible.  This 
way  of  proceeding,  of  course,  requires  that  the  computation  of  every  succeeding  order 
of  terms  should  be  modified;  but  this  is  not  difficult. 

Thus  the  method  I  have  followed  is  this :  On  arriving  at  the  treatment  of  second- 
order  terms  ascertain  first  the  two  terms  of  ^T,  which  are  rigorously  proportional  to 
sin  y  and  cos  y,  and  apply  the  corresponding  secular  terms  to  the  secular  terms  of  the 
first  order,  and  with  these  terms  so  corrected  proceed  to  the  general  determination  of 
dT;  and  in  third-order  terms  proceed  in  like  manner.  The  terms  of  dT  having  the 
argument  y  constitute  a  very  fair  approximation  to  the  second-order  poi-tion  of  the 
secular  terms,  as  the  supplementary  quantities  added  after  the  integration  of  T  con- 
tribute in  comparison  quite  insignificant  corrections. 

For  the  sake  of  brevity  in  the  tables  I  have  ventured,  at  the  end,  to  make  an 
alteration  in  the  signification  of  the  fundamental  argument.  In  the  Auseimndersetzung 
Hansen  defines  this  so  that,  on  entering  a  table,  constructed  from  a  purely  elliptic 
theory,  we  obtain  the  exact  angle  described  by  the  radius-vector  between  any  given 
times.  To  flatten  this  out  into  a  plane  he  is  obliged  to  compute  the  expression  of  a 
fourth  co-ordinate,  jT.  Hansen's  only  apparent  reason  for  adopting  such  a  significa- 
tion for  his  0  is  that  the  differential  equation  determining  it  is  thereby  slightly  sim- 
plified. But  astronomers  care  nothing  for  the  description  of  angle  by  the  radius ;  all 
they  wish  to  know  is  whereabouts  is  the  planet.  In  the  Tables  du  Soleil  Hansen  has 
modified  his  z  in  such  a  way  that  it  gives  directly,  by  the  employment  of  a  purely 
elliptic  table,  the  apparent  tropical  longitude  of  the  Sun.  But  by  making  his  z  thus 
include  the  effect  of  precession  he  was  led  into  a  difficulty.  By  stopping  with  terms 
multiplied  by  the  square  of  the  time  his  tables,  at  remote  epochs,  failed  to  give 
sufficiently  approximate  longitudes  of  the  Sun.  Hence  he  published  a  supplement 
containing  the  terms  involving  the  next  two  higher  powers  of  the  time.  Should  we 
adopt  a  similar  mode  of  treating  Jupiter  and  Saturn  our  difficulties  would  be  greater, 
as  the  eccentricities  of  these  planets  are  three  or  four  times  greater  than  that  of  the 
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Earth.  However  all  embarassment  is  escaped  if  we  agree  to  apply  the  principal  term 
of  precession,  viz,  that  which  is  proportional  to  the  time,  outside  of  the  table  in  which 
the  argument  is  ^. 

Therefore  I  have  equated  z  in  such  a  way  that  it  takes  account  of  all  the  inequali- 
ties of  the  reduction  to  the  ecliptic,  secular  and  periodic,  and  also  of  all  that  part  of 
precession  which  involves  the  square  and  higher  powers  of  the  time.  This  modification 
of  2  in  no  respect  complicates  its  expression,  whichThas  the  same  form  as  before, 
only  with  numerical  coefficients  changed  by  amounts  generally  very  smalL  In  this 
way  we  escape  the  necessity  of  giving  separate  tables  for  the  reduction  to  the  ecliptic 
and  for  its  periodic  and  secular  perturbations.  This  method  of  treatment  resembles 
that  of  Plana  and  Delaunay  in  the  lunar  theory,  for  they  pay  no  attention  to  the 
orbit  longitude  of  the  Moon,  but  proceed  immediately  to  the  ecliptic  longitude. 

As  the  formulae  which  have  been  given  for  the  motion  of  the  plane  of  the  ecliptic 
and  for  precession  appear  to  me  to  be  lacking  in  the  precision  sufficient  for  these  late 
times,  on  account  of  their  being  limited  to  terms  involving  the  time  and  its  square,  I 
have  devoted  a  chapter  to  this  subject,  in  which  the  expressions  are  prolonged  so  as 
to  include  the  cubes  of  the  time.  These  expressions  are  not,  however,  the  definitive 
ones  to  be  employed  in  the  construction  of  the  tables.  The  determination  of  the 
motions  of  the  equator  and  ecliptic  belongs  to  the  theory  of  the  four  inner  planets, 
and  when  this  theory  is  completed  the  necessary  modifications  in  the  final  formulae 
of  the  present  work  can  readily  be  made. 

I  have  everywhere  employed  the  notation  of  Hansen  without  explanation,  as  it 
must  now  be  very  familiar  to  all  who  work  in  the  planetary  theories.  Also,  no 
demonstrations  of  the  formulae  used  are  given  whenever  it  is  possible  to  make  a  refer- 
ence to  places  where  they  may  be  found,  generally  the  memoirs  of  Hansen.  But  in 
all  important  cases  the  formulae  actually  used  are  set  down  in  the  interest  of  the 
detection  of  any  errors ;  and  it  seems  to  me  that  it  would  be  possible  for  one  to  repeat 
all  the  computations  of  this  investigation  without  hindrance  from  obscurity  in  the 
explanations. 

The  arrangement  of  the  work  will  be  easily  seen  from  a  glance  at  the  table  of 
contents.  The  terms  arising  from  the  first  power  of  the  disturbing  force  are  consid- 
ered by  themselves.  This  occupies  Chapters  I  to  VII.  The  second-order  terms  in  the 
fundamental  arguments  and  the  radii  vectores,  due  to  the  interaction  of  Jupiter  and 
Saturn,  follow.  This  investigation  is  comprised  in  Chapters  VIII  to  XV.  The  similar 
terms  of  the  third  order  are  next  treated,  and  fill  up  Chapters  XVI  to  XX.  The  per- 
turbations of  the  two  planets  which  are  of  the  second  order  and  have  the  mass  of 
Uranus  as  factor  follow.  They  are  contained  in  Chapters  XXI  to  XXIII.  The 
second-order  terms  of  the  latitudes  are  then  derived  in  Chapters  XXIV  and  XXV. 
The  motions  of  the  ecliptic  and  precession  are  treated  in  Chapter  XXVI.  The  longi- 
tudes and  latitudes  are  referred  to  the  mean  equinox  and  ecliptic  in  Chapter  XXVII. 
Con-ections  for  the  provisionally  adopted  elements  are,  in  the  next  place,  found  by  a 
comparison  of  the  previously  obtained  theory  with  observation.  This  fills  Chapter 
XXVIII.  The  formulae  for  the  perturbations  are  rectified  on  account  of  these  correc- 
tions in  Chapter  XXIX.  In  fine,  the  summed  expressions  for  the  co-ordinates  of 
Jupiter  and  Saturn  are  given  in  Chapter  XXX.  * 
25  AST  2 
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In  the  long  period  of  seven  and  a  half  years  in  which  the  computations  of  this 
investigation  were  carried  on  some  modifications  of  the  ideas  entertained  as  to  the 
proper  values  to  be  attributed  to  the  planetary  masses  could  scarcely  fail  to  occur, 
and  one  will  notice  some  incongruity  in  this  respect ;  but  the  final  results,  given  in 
Chapter  XXX,  are  reduced  to  perfect  uniformity  in  this  respect.  The  values  to 
which  they  correspond  are  those  stated  at  the  beginning  of  Chapter  XXVI. 

A  careful  comparison  of  the  expressions  obtained  for  the  co-ordinates  by  Lever- 
RiER  with  those  obtained  in  this  investigation  would  undoubtedly  have  much  interest, 
and  might  lead  to  the  detection  of  the  causes  of  disagreement.  But  the  very  great 
labor  involved  in  carrying  it  out  must  be  my  excuse  for  not  undertaking  it.  In  the 
case  of  Saturn,  too,  whether  Leverrier's  elaboration  by  the  algebraical  process  or 
that  by  mechanical  quadratures  should  be  taken  for  comparison  would  be  an  embar- 
rassing question.  The  latter  is  very  incomplete,  yet  Leverrier  very  nearly,  as  far 
as  he  could,  used  it  for  his  tables.  In  the  circumstances  I  must  limit  myself  to 
pointing  out,  in  a  rude  way,  the  more  striking  discrepancies.  I  have  made  a  reduc- 
tion of  Leverrier's  algebraically-determined  coefficient  of  the  great  inequality  of 
Saturn  to  Hansen's  form  of  the  perturbations  and  to  Bessel's  value  of  the  mass  of 
Jupiter,  and  it  comes  out  2944'^8o.  The  value  assigned  in  Chapter  XXX  is  2907".85. 
Leverrier's  is  therefore  the  larger  by  36".95.  Had  we  taken  for  reduction  the  value 
given  by  Leverrier's  other  process  the  difference  would  have  been  smaller.  The 
motions  assigned  to  the  eccentricity  and  periheHon  of  Saturn  in  Leverrier's  tables 
are  considerably  greater  than  those  given  by  my  theory.  In  the  case  of  Jupiter 
Leverrier's  values  of  the  coefficients  of  the  large  terms  are  quite  as  large  as  mine, 

although  they  profess  to  correspond  to  the  value   ^  ^  of  the  mass  of  Saturn,  while 

mine  have  been  computed  with  the  mass  J^^^-  This,  perhaps,  explains  why  Lever- 
rier's discussion  led'  him  to  the  too  small  mass  of  Saturn. 

In  performing  the  very  large  mass  of  computations  demanded  by  this  investiga- 
tion, by  direction  of  the  Superintendent,  I  have  been  assisted  by  various  gentlemen 
connected  with  this  office;  all,  however,  to  small  amounts,  with  the  exception  of 
Mr.  W.  F.  McK.  Hitter,  who,  with  the  greatest  efficiency,  has  made  a  duplicate  of 
about  two-thirds  of  the  computations.  Without  help  such  as  he  has  rendered  it 
would  have  been  impossible  for  me  to  have  brought  this  undertaking  to  a  conclusion. 
But  all  the  original  computations  have  been  performed  by  myself. 
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CHAPTER  1. 

MUTUAL  ACTION  OF  JUPITER  AND  SATURN.— DEVELOPMENT  OF  THE  RECIPROCAL  OF  THE  DISTANCE 
BETWEEN  THE  PLANETS  AND  ITS  ODD  POWERS  IN  PERIODIC  SERIES.  WHEN  ELLIPTIC  VALUES 
ARE  SUBSTITUTED  FOR  THE  CO-ORDINATES. 

The  first  step  in  determining  the  absolute  perturbations  of  the  elliptic  motions 
arising  from  the  mutual  action  of  two  planets  is  to  obtain  the  expansion  of  the  recip- 
rocal of  their  distance  and  its  odd  powers  in  periodic  seiies.  The  first  and  third  powers 
alone  are  necessary  in  treating  the  perturbations  due  to  the  first  power  of  the  disturbing 
force ;  the  fifth,  in  addition,  is  required  when  the  second  and  the  seventh  when  the 
third  power  of  this  force  is  taken  into  consideration.  In  this  chapter  we  shall  be 
engaged  in  developing  these  four  powers  of  the  reciprocal  of  the  distance  between 
Jupiter  and  Saturn,  it  being  understood  that  elliptic  values  are  attributed  to  the  co- 
ordinates. The  method  pursued  demands  that  these  developments  in  their  final  form 
should  appear  as  functions  of  the  mean  anomalies  of  the  two  planets,  or  in  other 
words  as  functions  of  the  time. 

The  elements  adopted  for  the  two  planets  are: 

Elements  of  Jupiter  and  Saturn. 

Epoch,  1850,  Jan.  0.0^,  Greenwich  M.  T. 

L  =  159°  56'  26".6o  L'  =  14°  49'  34.''o4 

7t-  11^56'  9".33  7t'=  90°  6' 46^22 

0=  98^  56'  19^79  0'=  112°  20'  49.''os 

i=     1^  18'  42/^10  f  =     2°  29'  4o''.i9 

€  =  0.04824277  =  0.05605688 

n  =  109256^55563  n'  =  43996''.o7844 


1047.879  3501.6 

It  is  scarcely  necessary  to  go  into  details  as  to  the  derivation  of  these  elements. 
They  are  supposed  to  be  mean  elements  derived  in  such  a  way  that  the  perturbations 
of  the  fundamental  argument  and  the  latitude  have  no  terms  whose  period  is  the  same 
as  that  of  the  mean  anomaly,  and  the  former  no  constant  term  or  term  proportional  to 
the  time.  The  elements  of  Saturn  have  been  obtained  from  a  previous  investigation, 
and  are  supposed  to  be  quite  approximate.    Those  of  Jupiter  have  been  got  by  apply- 
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ing  to  Bouvard's  values  the  corrections  found  by  Mr.  Breen  *  On  account  of  the 
errors  of  Bouvard's  formulae  for  the  perturbations  these  values  will  probably  be  found 
to  need  quite  large  corrections.  But  they  are  sufficiently  accurate  to  serve  our  pur- 
pose, as  it  is  proposed  at  the  end  of  this  investigation  to  ascertain  rudely  their  errors 
and  correct  the  expressions  for  the  perturbations  by  the  differential  method  where  the 
squares  and  products  of  these  errors  may  be  neglected. 

In  computing  the  mutual  perturbations  of  two  planets  we  need  consider  only  the 
ratio  of  the  mean  distances.    This  is  given  by  the  equation 

a  =  ^  =  ri±^1*/^^'V 
a!    Li  +  Wj  \n J 

whence,  on  substitution  of  the  numerical  values, 

log  a  =  9.7367410563 

But  a  considerable  portion  of  the  perturbations  of  the  second  order  will  be  included 
in  the  computation  of  the  terms  of  the  first  order  if  we  apply  severally  to  log  a  and 
log  a'  the  constant  parts  of  the  perturbations  of  log  r  and  log  /.  For  the  action  of 
all  the  planets  excepting  Jupiter  and  Saturn  these  parts  can  be,  with  sufficient  accuracy, 
obtained  from  the  following  formulae: 

For  the  action  of  an  outer  on  an  inner  planet 

d  log  a  =  —  ^Mm'a'  —±- 
^  da 

for  the  action  of  an  inner  on  an  outer  planet 

where  M  is  the  modulus  of  common  logarithms.  For  the  action  of  Jupiter  and  Saturn 
the  values  are  obtained  from  Hansen.! 


S  log  a 

$  log  a' 

Action  of  Mercury,  mass 

I 

5000000 

+  .00000003 

+  .00000003 

Action  of  Venns,  mass 

I 

425000 

+  .00000035 

+  .00000034 

Action  of  the  Earth,  mass 

I 

322800 

+  .00000046 

+  .00000045 

Action  of  Mars,  mass 

I 

3095000 

+  .00000005 

+  .00000005 

Action  of  Jupiter, 

+  .00018522 

Action  of  Saturn, 

—  .00000502 

Action  of  Uranus,  mass 

I 

21000 

—  .00000007 

—  .00000058 

Action  of  Neptune,  mass 

I 

19700 

—  .00000002 

—  .00000013 

Sums, 

—  .00000423 

+  .00018538 

•Correction  of  Bouvard's  Elements  of  Jupiter  and  Satnrn,   Appendix  I  to  Greenwich  Observations,  1868. 
Untersuchung  liber  die  gegenseitigen  Stomngen  des  Jupiter  und  Saturn.    Berlin,  1831. 
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To  avoid  confusion  we  will  designate  a  and  a\  after  their  correction  by  these 

qtiantities,  as  a  and  a',  but  a  will  be  employed  as  the  equivalent  of  ^.    When  we 

a 

come  to  the  treatment  of  the  perturbations  of  the  second  order  it  will  be  necessary  to 
remember  that  this  modification  has  been  made. 

The  quantities  which  define  the  relative  position  of  the  planes  of  the  orbits  can 
be  obtained  from  the  equations  ^ 

cos  J  =  cos  t  cos  i'  4-  sin  i  sin  V  cos     —  6) 

sin  J  cos  =  sin  i  cos  i'  —  cos  i  sin  i'  cos  {6*  —  6) 
sin  J  sin  ^  —  sin    sin  {6*  —  6) 

sin  J  cos  =  cos  t  sin  V  —  sin  i  cos  i'  cos  —  6) 
sin  J  sin  ¥^  =  sin  i  sin  (d*  —  ^) 

n  =  7t—  J7'=  n*  --W 

Here  J  denotes  the  inclination  of  the  planes  of  the  orbits,  and  77  and  J7,  severally, 
the  angular  distances  of  the  perihelia  of  Jupiter  and  Saturn  from  the  ascending  node 
of  Saturn's  orbit  on  that  of  Jupiter. 

The  coefficients  of  the  terms  of  the  developments  of  the  reciprocal  of  the  distance 
between  the  planets     and  its  odd  powers        ^  C^}^'  periodic  functions  of 

the  two  anomalies,  are  then  functions  of  the  following  six  elements : 

O       I  // 

log«  =9.73655145  J  =     I  15  21.31 

e  =0.04824277  77  =245  34  48.81 

=  0.05605688  IV  =  323  45  1.87 

We  must  now  consider  the  degree  of  accuracy  with  which  these  coefficients  must 
be  computed  in  order  that  a  proposed  degree  of  accuracy  may  be  obtained  in  the 
coefficients  of  the  perturbations.    Let  it  be  demanded  that  the  latter  shall  be  got  correct 

to  o".ooi  in  the  longitude  and  latitude.  The  coefficients  of  the  terms  in  whose 
argument  is  5/—  2^,  will  be  multiplied  by  the  factor 

'5  7+^/  (5^/  _  2^  _  82")2  ^  2o6264".8,  (log  =  6.4738) 

in  order  to  obtain  the  coefficients  of  the  perturbation  of  the  mean  anomaly  of  Saturn, 
It  is  thus  seen  that  o".ooi  in  the  latter  is  equivalent  to  0.00000000034  in  the  former. 
Consequently  ten-place  logarithms  will  have  to  be  used  until  we  get  the  coefficients 
of  the  terms  in  which  have  the  argument  5/  —  2g,  Recourse  has  been  had  to 
Vkga's  Thesaurus  Logarithmorum  for  the  logarithms. 

In  the  case  of  (^^^  a  far  less  degree  of  accuracy  will  suffice ;  nevertheless,  for 

those  terms  on  which  depend  the  secular  perturbations  a  degree  of  accuracy  has  been 
adopted  which  is  equivalent  to  the  employment  of  eight-place  logarithms.  For 
and  (^~y  ,  respectively,  seven  and  five-place  logarithms  suffice. 
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In  developing  these  quantities  after  the  manner  of  Hansen,*  it  is  preferable  to 
take  Saturn  as  the  disturbed  planet,  for  the  reason  that  in  this  way  the  quantity  he 
has  denoted  by     is  less  than  one-fifteenth  of  what  it  is  when  Jupiter  is  so  taken. 

We  have  the  well-known  equations 

H  =  cos  (/+  n)  cos  (/'  +  JIO  +  cos  J  sin  (/+  71)  sin  (/'  +  IP) 
^2  =     -  zrr'  H  + 

If  the  constants     K,  Jc^,  Kj  are  obtained  from  the  equations 

k  cos  (IP  —  K)  =         cos  n  h  cos  {IT  —  Ki)  =  cos  J  cos  II 

k  sin  (IT'  -  K)  =  cos  J  sin  11  h  sin  (IT'  -  Ki)  =        sin  11 

we  have 

H  =  fc  cos  (/'  +  K)  C03/+  h  sin  (/'  +  Ki)  sin/ 
The  numerical  substitutions  give 

o      /  // 

log  A:  =9,9999134935  K  =  78  10  31.71660 

log  h  =  9.9999821696  Ki  =  78    9  54.40637 

The  square  of  the  distance  between  the  planets  is  reduced  to  the  form 

C^}*  =  Vo  -/  cos    -  F)  +  K2  cos»  € 

by  computing  jp,  P,  V,  W,  Wi  from  the  equations  (cp  and  g>'  denoting  the  angles 
of  the  eccentricities) 


0 

2?  sin  P  =  2a  (a A;  cos  K)  p  cos  P  =  2  ah  cos  <p  sin  K| 


e 

V 

07  sin  V  =  2ak  cos  9/  sin  K  cos  V  =  2  aki  cos  ^  cos     cos  Ki 

to  sin  W  —p  —  2a^'p  sin  P  cos  W  =    cos  (V  -  P) 

iVi  sin  Wi  =  17  sin  (Y  -  P)  Wi  cos  Wi  =  20^-,  cos  P 

R   =  I  +     -  2C^e^  yt  =  o?^ 

After  which 

/sin  (F  -  P)  =  w)  sin  («'  +  W )  — 
/cos  (F  -  P)  =  W7i  cos  (e'  +  w/) 

yo=  K  —  26'  cos  e'  +  ^2  cos*  ^  +  <?/co8  F 

The  numerical  substitutions  give 


/  // 


logp  =0.0430483461  P   =15    7  49-25766 

log  17  =0.0368088942  V  =  78  10  37.64429 

log  IT  =0.0369667932  W  =63    3  26.51160 

log  Wi  —  0.0369024323  Wi  =  63    I  21.06684 

^p      =  0,0618980929  log  y2  =  6.83996737 

Ko  =  1.2958534630  -  [9-0496559179]  cos    +  [7.4972578444]  cos*  e 

+  [8.6834322362]  /"cos  F 


•AuseinandereetzuDg  einer  zweckmassigen  Methode  znr  Berechnung  der  absoluten  Storungen  der  kleinen  Planeten. 
Abhandlung  I,  a.  138. 
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In  the  last  equation  the  brackets  denote  that  the  common  logarithms  are  given 
instead  of  the  numbers  corresponding. 

It  will  suffice  to  divide  the  circumference  with  respect  to  the  mean  anomaly  of 
Saturn  (for  the  reasons  stated  in  the  Introduction  we  adopt  the  mean  anomaly  instead 
of  the  eccentric,  which  Hansen  uses)  into  sixteen  parts.  In  this  way  the  errors  com- 
mitted in  the  coefficients  belonging  to  the  great  inequality  are  of  the  16  — 3  =  thir- 
teenth order  with  respect  to  the  eccentricities  and  inclination  of  the  orbits.  The  errors 
relative  to  double  the  argument  of  this  inequality  are  of  the  16  — 6  =  tenth  order. 
This  is  certainly  a  sufficient  degree  of  exactitude. 

We  compute  by  trial  from  the  equation 

^  =  f '  —  e'  sin  £' 


where  log  (e'  in  seconds  of  arc)  =14.0630540554,  the  values  of  e'  coiTesponding  to  th# 
seven  following  values  of  : 


9' 

230 

47' 

4S"26i3S 

45 

47 

21 

46  .08482 

67-5 

70 

31 

41  .24336 

90 

93 

12 

24  45612 

H2.5 

"5 

24 

4  .75552 

'37 

10 

58  ,60666 

»57.5 

158 

40 

6  .06463 

The  values  for  the  remaining  points  of  division  of  the  circumference  are  either 
known  or  readily  deducible  from  these.  By  substituting  them  in  the  preceding  equa- 
tions which  give  the  values  of  Yq^/^  and  F,  we  get  the  following  table: 


log/ 

F 

-9' 

0 

0 

/ 

// 

0 

I. 1984385810 

0.0 1 4644 1 389 

76 

36 

30.05448 

22.5 

K 1858045730 

0. 01 16067484 

79 

15 

27.87825 

45 

I. I916240568 

0,0131809243 

81 

42 

56.61757 

67.5 

1.2147457246 

0.0188912301 

83 

32 

2.  35338 

90 

I . 2509960366 

0.0273706837 

84 

26 

6.  62580 

112.5 

1.2942528243 

0. 0369329790 

84 

20 

48.21352 

13s 

1-3377252007 

0.0460462355 

83 

21 

48. 24421 

157.5 

I-3750575I9I 

0. 0535462990 

81 

41 

8. 79693 

180 

I. 401 I I 19502 

0. 058651 1882 

79 

34 

7. 28496 

202.5 

1.4124496S41 

0.060S956692 

77 

17 

19.95693 

225 

1.4075886817 

0. 0600677450 

75 

7 

38.21369 

247.5 

^3S7io73227  ' 

0. 056 I 863 I 67 

73 

21 

27.02105 

270 

1.3536269388 

0. 0495348409 

72 

13 

53.72792 

292.5 

I. 31 16584293 

0. 0407480405 

71 

57 

17. 20268 

315 

I. 2672436572 

0. 0309155839 

72 

38 

35. 73266 

337.5 

1.2272790242 

0. 02 I 604 I 043 

74 

i6 

5.05534 

24 
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These  quantities  can  be  subjected  to  the  following  important  test :  The  sum  of  the 
values  which  correspond  to  o^,  45^,  90°  .  .  -315°  ought  to  be  nearly  equal  to  the 
sum  of  the  values  which  correspond  to  22^.5,  67*^.5,  112^.5  .  .  ,  337^-5.  It  is 
known  that  the  difference  is  of  the  eighth  order  with  respect  to  the  eccentricities  and 
mutual  incUnation.    Calling  these  sums  S  and  S'  the  result  here  is : 


log/ 

F- 

-9' 

0 

/ 

ff 

s 

10.4083551030 

0.  3004 1 1 3404 

625 

41 

36. 50129 

s^ 

10.4083551013 

0.  30041 13872 

625 

41 

36.47808 

This  test  is  applicable  to  many  of  the  following  computations,  and  the  result  of  its 
application  will  always  be  given. 

Following  Hansen's  procedure,  we  separate  the  square  of  the  distance  into  two 
factors,  such  that 

(^-|y=[0-gcos(€-Q)]  [r-^co8(f+Q)j 

which  gives,  for  determining  C,  3,  and  Q,  the  equations 

0  =  >^o+r2sin'Q 

/co9F  =  (^g  +  2^^  cosQ 
By  eliminating  C  and  g  we  get 

from  which,  by  trial,  Q  may  readily  be  obtained.  In  like  manner  q  may  be  got  from 
the  equation 

g  =/  cos  (Q  -  F)  -  2^  cos  2Q 

By  development  from  these  may  be  obtained  series,  proceeding  according  to  ascending 
powers  of  Xgj  which  give  the  values  of  Q  — F  and  log  ^.    They  have  been  derived  by 

Hansen  *  In  our  case  we  have  preferred  the  method  by  trial  The  numerical  results 
obtained  are 


*  Auseinandersetzung,  Abhandlnng  I,  S.  146,  Gl.  (120). 
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9' 

c 

log  2 

r\ 

H~ 

-9 

o 

0 

/ 

// 

O 

I 

1990933606 

0,0149445349 

76 

37 

41,97691 

22,  5 

I 

I 864677 121 

O.OII9I63222 

79 

14 

23.98190 

45 

I 

1920690737 

0.0132773656 

81 

40 

23,  28806 

67.5 

29 

47.52405 

I 

2149083561 

0.0187137572^ 

 63 

90 

I 

2510025615 

0, 0270452279 

84 

25 

36, 18120 

112,5 

I 

2943 I I 0889 

0.0366599027 

84 

22 

14.  80626 

135 

3379921669 

0.0459719049 

83 

24 

18.  63371 

157-5 

375560 I 

0.0536999596 

81 

43 

23.61467 

180 

I 

4OI78III64 

/y 

1.  2^i^i^\I\J 

202,  5 

4I3I2I5236 

0. 061I975819 

77 

16 

29.02016 

225 

4081065680 

0.  0602270953 

75 

5 

26,  06779 

247.  K 

I 

3873834732 

0. 05612I3072 

/  J 

18 

270 

I 

3536915381 

0.0492712795 

72 

12 

24, 19588 

292.5 

3II6626153 

0. 0404249841 

71 

57 

41.28342 

315 

I 

2673929280 

0.0307276532 

72 

40 

44, 82897 

337.5 

I 

2277063745 

0. 0216826028 

74 

18 

39-15769 

S 

10 

4III293I32 

0. 3004163693 

625 

41 

36,71712 

10 

4III293I23 

0. 3004I64I77 

625 

41 

36,  69271 

It  seems  desirable  to  make  one  more  transformation  in  the  form  of     ;  we  put 


=  sin 


a  =  taniy 
2  ^ 


b  =  tan  -Xi 


sec  ^Xma^-Xx 
2  2 


In  this  way 

^  «  N 1^  I  -  2a  cos  (£  -  Q)+  a»  J  ~*  1^  I  -  2b  cos  (s  +  Q)  +  b' J 
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The  computations  being  performed,  we  have 


logN 

log  a 

log  b 

0 

0 

0. 0223304134 

9-  7585753170 

6.5239929 

22.  5 

0. 0254063724 

9. 7616990221 

6. 527021 I 

45 

0. 0240423963 

9. 7603321 138 

6.  5256601 

67.5 

0.0185553673 

9-  7547944485 

6.  5202237 

90 

0,0101630309 

9.  7463412483 

6. 5 1 18922 

1 12.  5 

0. 0005153668 

9. 7366605966 

6, 5022775 

135 

9. 9912124592 

9. 7273667855 

6. 4929655 

157-5 

9.  9035200741 

0. 4552375 

180 

9.9783269754 

9.7145752236 

6.4799861 

202.  5 

9,9761202182 

9.7124079836 

6.4777398 

225 

9. 977 10065 14 

9.7I3398363I 

6. 4787103 

247.5 

9. 9811817483 

9.7174547678 

6. 48281 61 

270 

9. 9879825162 

9.  7242062749 

6. 4896661 

292.5 

9. 9967796223 

9.7329541897 

6. 4985124 

315 

0.0064581878 

9. 7426139882 

6. 5082098 

337.5 

0.0155318861 

9.75I7I63322 

6.5172548 

S 

9. 9976166306 

7.8874093144 

72. 01 10830 

9. 9976166555 

7. 8874094116 

72.0110829 

The  next  step  is  the  calculation  of  the  values  of  Laplace's  coefficients  &f ,  corre- 
sponding to  each  of  the  sixteen  values  of  a  just  given.    We  proceed  as  follows : 
Deriving  0  from  the  equation 

sin  ^  =  a 


we  get 


b  =  cos  ^ 


=  tan«  ~0 


cos»-^ 

2 


!>=— 55- 


P  = 


where  M  is  the  modulus  of  common  logarithms.  Then 


1  + 


and 


2Kr 


5<"=aK(i  +H) 
&^'>=J<"'>-2K(i  +  H) 


a°»  1 

6i"=gK[aMi  +  H)  +  H] 


On  account  of  the  importance  of  fe*^*  and  and  as  a  check  their  values  have  also 
been  computed  from  the  following  series  given  by  LeverrierI  (the  coefficients  are 
replaced  by  their  logarithms)  : 


*  For  the  proof  of  these  formulae  consult  Legbndre,  Traits  des  Fouctions  Elliptiques,  Tome  II,  pp.  6  and  548. 
t  Annales  de  TObservatoire  de  Paris,  M^moires,  Tome  II,  Additions,  p.  2. 
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9.8750612634 

or* 

—  9-7378880703 

+  9.4948500216  a* 

+  9.391  1005840 

+  9.3119193380 

+  9.2283732866 

+  9.1869806013 

a« 

+  9.II7OO7357 

^10 

+  9.0912000935  d}-^ 

+  9.030986686 

+  9.0132579195 

a" 

+  8.960405612 

+  8.947440635 

-+^90034066 

+  8.89043237 

+  8.84795259 

+  8.84012725 

a" 

+  0.00144040 

or" 

+  8.79510028 

+  8.7595^35 

a" 

+  8.7543405 

+  8.72I5I29 

+  8.7171038 

+  ^M6<,S62 

+  8.654315 

a** 

+  8.651069 

+  8.624316 

a* 

+  8.62149 

+  8.59629 

The  remainders  of  these  series  can  be  summed  as  geometrical  progressions.  In 
this  way  have  been  obtained  the  following  values,  corresponding  to  intervals  of  0.005 
in  log  a.  From  these,  by  interpolation,  it  is  easy  to  get  the  values  corresponding  to 
the  sixteen  values  of  log  a : 


log  a 

9.710 

9.  349388843s 

8. 636820535 

9.  715 

9. 3608488808 

8. 658411500 

9.720 

9-3723541687 

8. 680052169 

9-725 

9- 3839064789 

8.  70174450S 

9.  730 

9- 3955076774 

8.  723490591 

9-  735 

9-4071597303 

8,  745292605 

9.  740 

9.4188647109 

8.  767152856 

9-  745 

9. 4306248085 

8. 789073783 

9.750 

9. 4424423364 

8. 811057961 

9.  755 

9. 4543197411 

8. 833108118 

9.  760 

9. 4662596138 

8.855227147 

9.  765 

9.4782647015 

8.  877418108 

The  remaining  coefficients     can  be  got  from  the  formula 

^(0  ^  4(f  -  i)        _  2i-3  i^ii-t) 
*       2i  —  I  sin  ;^     2i  —  i  * 


taking  care,  however,  to  use  one  more  decimal  in  calculating  than  we  wish  to  retain. 
But  for  large  values  of  i  it  will  be  more  convenient  to  compute  the  continued  fraction 
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The  remaining  coefficients     are  got  from  the  equation 

i        i  a  ^ 

When  i  is  large  one  can  readily  deduce  the  ratio  between  the  quantities  for  two  suc- 
cessive values  of  i  by  induction  from  the  differences  of  the  preceding  logarithms. 
The  values  of  the  6^**  are  obtained  from  the  formulse 


2_(i-^j(,_i, 


3« 


The  formulae  used  for  obtaining  the  i^^^  are 


(,  -  af 


''l     "5  -  (,  +  «)« 


6'"=:  6''-"- -')&''-" 

*     *        s«  * 


The  following  table  contains  all  of  these  quantities  it  has  been  deemed  necessary 
to  compute.  For  convenience  the  points  of  division  of  the  circumference  relative  to 
</' are  designated  as  (o),  (i),  .    .    .    .  (15): 


iogj;*» 

log&;«' 

(0) 

0.0422349759 

9. 82I90I9233 

9. 4628509859 

9. 1460177531 

8. 848917435 

8.56330651 

8. 2852309 

(I) 

0:0429700812 

9. 8261268967 

9-  4703315379 

9. 1566921194 

8. 862759506 

8. 58030264 

8. 3053729 

(2) 

0. 0426465422 

9. 8242752976 

9. 4670549712 

9. 1520177694 

8. 856698867 

8.57286172 

8.2965554 

(3) 

0.0413651511 

9.  8 1 68 1 78994 

9. 4538302440 

9-1331333789 

8. 832200292 

8. 54277272 

8. 2608899 

(4) 

0. 0394960133 

9.8055641686 

9. 4337891208 

9. 1044619178 

8. 794964713 

8.49700758 

8. 2066157 

(5) 

0. 0374762256 

9. 7928569388 

9.4110412050 

9. 0718430303 

8. 752546239 

8.44482671 

8. 1446944 

(6) 

0. 0356497314 

9. 7808259144 

9-3893917767 

9. 0407286674 

8.712031341 

8.  39494475 

8.0854651 

(7) 

0. 0342243503 

9.7710449263 

9.3717134206 

9. 0152727021 

8. 678847918 

8.  35405988 

8. 0368941 

(8) 

0. 0333016727 

9. 7645 15 1480 

9. 3598735555 

8. 9982002666 

8.656575328 

8.  32660393 

8. 0042646 

(9) 

0. 0329217162 

9.7617784029 

9.3549024197 

8. 9910266600 

8. 647212588 

8.31505899 

7. 9905416 

(10) 

0. 0330947278 

9.7630281054 

9. 3571730733 

8. 9943037308 

8. 651490004 

8. 32033359 

7. 99681 15 

(II) 

0. 0338143165 

9.  7681630622 

9. 3664916805 

9.0077455337 

8.669029733 

8. 34195815 

8.0225132 

(12) 

0. 0350522873 

9. 7767700094 

9. 3820693919 

9.0301900000 

8. 698297424 

8. 37802650 

8. 0653689 

(13) 

0. 0367350622 

9.  7880398438 

9.  4023858750 

9. 05941 17420 

8. 736365143 

8.42490941 

8. I 2 10489 

(14) 

0. 0387035953 

9. 8006495388 

9. 4250058437 

9.0918765767 

8.  778605336 

8. 47688877 

8. I 82746 I 

(IS) 

0. 0406726683 

9.8127022707 

9.4465125737 

9. 1226718514 

8. 8 I 86 I 9460 

8.52608541 

8. 241 1037 

S 

0. 3001795459 

8. 3375301055 

5. 2772087190 

2.5577966818 

89. 997580448 

87.52997335 

85. 1230582 

0. 3001795714 

8. 3375302408 

5.2772089564 

2.  5577970178 

89. 997580879 

87-52997391 

85. 1230587 
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log^i^^ 

log^i"' 

logfe^"' 

(0) 

(0 

(2) 

(3) 
(4) 
(S) 
(6) 
(7) 
(8) 
(9) 
(10) 

(11) 
(12) 

(13) 
(14) 
(•S) 

8.012484 
8.035767 
8.025575 

7. 984342 
7.921572 
7. 849925 
7.781360 
7.725113 
7.687316 
7. 671418 
7. 678682 

7.708455 
7. 758090 
7.822556 

7. 893957 
7. 961462 

7.74371 
7.77013 
7. 75856 
7.7II77 
7.64051 

7.55915 

7.48126 

7-41734 
7-37438 
7. 35631 
7-36457 

7-  39841 
7. 45482 
7.52806 
7. 60916 
7. 68580 

7.4780 
7. 5076 
7. 4946 
7-4423 
7- 3625 
7-2715 
7- 1843 
7.1127 
7-0645 
7-0443 
7-0536 
7.0915 
7- 1546 
7. 2366 
7-3274 
7-4132 

7-2147 
7-  2474 
7-  2331 
7.1752 
7.0870 
6. 9862 
6. 8897 
6.8105 

6-  7572 
6. 7348 
6. 7450 
6. 7870 
6. 8569 
6. 9477 
7.0482 

7-  1431 

6. 9535 
6. 9893 
6. 9736 
6.9102 
6:8135 
6.  7030 
6.5972 
6.5103 
6.4518 
6. 4273 
6.4385 
6.4845 
6,  5612 
6.6608 
6.  7709 
6.  8749 

6. 6939 
6-  7329 
6.7158 
6.6468 
6.  5416 
6.4215 
6. 3064 
6.2118 
6. 1482 
6.  1215 
6. 1337 
6. 1837 
6.  2672 
6.  3755 
6. 4953 
6. 6085 

0.38I577047I 
0. 3882685965 
0. 3853231659 
0.3736623431 
0. 3566660681 
0-3383167742 
0.3217379468 

0. 3088090996 
0. 3004441223 
0. 2970003660 
0. 2985684015 

0-  3050913479 
0.3 I 63 I 79042 
0. 3315877222 
0. 3494650909 

0- 3673637317 

S 
S' 

82. 759036 
82. 759039 

80. 42696 
80. 42697 

78.1195 
78. 1 197 

75-8318 
75-8319 

73- 5602 
73- 5603 

71.  3021 
71.  3022 

2.7100997468 

2. 7IOO999812 

log 

log  6^'^ 

log6*»' 

log&r 

log^f' 

log&r 

(0) 

(0 
(2) 
(3) 
(4) 

(S) 
(6) 
(7) 
(8) 
(9) 
(10) 

(") 
(12) 

(13) 
(14) 
(IS) 

0.5631 I 18888 

0. 5721300721 
0. 5681679947 

0.5523652504 

0. 5289763I2I 
0. 5032062005 

0. 4794072587 

0. 4604721309 
0. 448030405 1 
0. 4428622608 
0. 4452188662 

0. 4549614963 

0. 4715112882 
0.4936087427 
0.5189305295 
0. 5437484961 

0.  3981406377 
0. 4099407726 
0. 4047621302 
0.  3840182539 

0.  3530493494 
0.  3185462420 
0.2863 1 3995 1 
0. 2604079767 
0. 2432566373 
0.  2361015454 
0.  2393664182 
0.  2528244432 
0.  2755397030 
0-  305591 1562 
0.  3396476025 
0.  3726464779 

0.  21280182 
0.  22753282 
0. 22107214 
0. I 95 I 2648 
0.  15619400 
0. I I 253865 
0. 07148990 
0. 0383 I I 22 
0.01625366 
0. 00703035 
0. 01 124053 
0. 02856678 
0. 05771104 
0. 09607087 
0. 13927240 
0.  18085806 

0.0157694 

0. 0334998 
0. 0257271 
9. 9944604 
9-  9473895 
9-8943923 
9-  8443547 
9. 8037684 
9.7767170 

9- 7653894 
9. 7705612 
9.  7918252 
9.8275149 
9. 8743422 
9. 9268738 
9.9772307 

9. 81 1 1 164 
9. 8318830 
9.  8227817 
9.7861294 
9-  7308256 
9. 6683838 
9. 6092648 
9. 561 1982 
9. 5291062 
9.5156546 
9.5217972 
9- 5470335 
9- 5893332 
9.6447152 
9. 7066745 
9- 7659032 

9. 601092 
9.624918 
9.614478 
9-  572400 
9. 508806 
9-436858 
9.368601 
9. 313011 
9- 275850 
9. 260264 
9. 267382 
9, 296615 
9- 345560 
9.409545 
9-  480997 
9.549156 

9- 387073 
9-413973 
9. 402188 
9. 354660 
9. 282738 
9. 201243 
9- 123813 
9.060671 
9. 018424 
9. 000693 
9. 008791 
9. 042030 
9.097650 

9-  170277 
9.  251252 
9.328384 

S 
S' 

4.0233545433 
4. 0233546498 

2. 5400764734 
2. 5400768679 

0. 88603549 
0. 88603525 

9. 1349076 
9. 1349084 

7. 3208996 
7.  3209009 

5.462766 
5.462767 

3-571929 
'  3-571931 
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log&^^°> 

log6i"» 

logs;" 

(0) 

(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

(") 

(12) 

(13) 

(h) 

(15) 

9, 16997 

9- 19995 
9. 18682 

9- 13382 
9.05354 
8. 96247 
8. 87584 
8. 80513 
8,75779 
8.73791 
8. 74699 
8. 78425 
8, 84655 
8. 92784 
9.01837 
9. 10450 

8. 95040 
8, 98348 
8. 96898 
8.91051 
8.82186 
8.  72119 
8.62534 
8.  54706 
8. 49461 

8.47257 
8.48263 

8.52391 
8. 59293 
8. 68290 
8.  78299 
8.87814 

8.7288 
8.  7650 

8. 7491 
8. 6852 
8. 5882 

8.4779 
8. 3728 
8.  2869 
8. 2294 
8. 2052 
8.2162 
8. 2615 
8. 3373 
8.4359 
5456 
8. 6498 

8.  5056 

8. 5449 
8. 5276 
8.4582 
8,3528 
8.  2329 
8. 11S5 
8. 0251 
7.9624 
7. 9360 
7. 9481 
7. 9974 
8. 0799 
8. 1873 

0.  3005 
8.4197 

8. 2810 
8. 3234 
8.3047 
8. 2298 
8. 1 160 
7.9865 
7. 8629 

7.7619 
7.6940 

7.  6655 
7.  6785 
7.7319 
7.8211 

7.  9372 

0.  0000 

8. 1883 

0.9374315 
0.  9525706 
0.  9459100 
0.9194893 
0. 8808271 
0.  8388731 
0. 8007651 
0.  7709072 
0.7515206 
0.  7435236 
0.  747 1 66 1 
0. 7622975 
0. 7882634 
0. 8234295 
0.  iSo43iS97 
0.  9051830 

1. 2004172 
I. 2165967 
1,2094831 
I. 1811967 
I. 1395928 
I. 0941309 
I. 0525155 
1.0196702 
0. 9982205 
0. 9893423 
0. 9933884 
1.0101569 
1.0387900 
1.0773050 
I. 1218225 
I. 1658323 

S 

1.65587 
1.65587 

89.71974 
89.71975 

87.  7674 
87.  7674 

85. 8014 
85.8015 

83. 8242 
83. 8245 

6.7162735 
6.7162738 

8. 7542300 
8.7542310 

log  6^^* 

log^;*^ 

log6f^ 

log  6^^^ 

(0) 

(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

(") 

(12) 

(13) 
(14) 
(IS) 

I. 1161428 

1. 1342473 
1. 1262929 
1. 0945691 
1.0476238 
0. 9959088 

0. 9481583 
0. 9101740 
0. 8852179 
0. 8748524 
0.8795790 
0. 8991204 
0.9323184 
0. 9766515 
1.0274626 
1.0772728 

1. 0021564 
1. 0226184 
1. 0136345 
0. 9777147 
0. 9242889 
0. 8650458 
0. 8099664 
0. 7658824 

0.  7367855 
0.  7246685 
0. 7301962 
0. 7530082 
0. 7916123 
0. 8428772 
0. 9012426 
0. 9580689 

0. 8677099 
0. 8907638 
0. 8806463 
9. 8401 145 
0.  7795902 
0.7121354 
0.  6490945 
0. 5984099 
0.  5648423 
0. 550S369 
0.5572280 
0, 5835689 
0. 6280176 
0. 6868009 
0.  7533918 
0,8178919 

0.7183764 
0.  7441686 

0.  7328547 
0. 6874605 
0.6194680 

0. 5433964 
0. 4720231 
0.4144423 
0.  3762126 
0. 3602400 
0. 3675309 
0. 3975494 
0. 4480994 

0.5147454 
0. 5899603 
0. 6625245 

0. 5577605 
0. 5863792 
0. 5738282 
0. 5234092 
0.4477105 
0. 3627626 
0. 2828182 
0. 2181537 
0.1 75 1457 
0. 1571561 
0. 1653688 
0. 1 991 628 
0. 2559730 
0. 3306976 
0.4147915 
0. 4956722 

0. 3S831 
0.41981 
0. 40598 

0. 35043 
0. 26688 
0. 17288 
0. 08420 
0.01233 
9.96446 
9.94441 

9. 95357 
9. 99120 
0. 05439 

0.13735 
0.  23048 

0,  31983 

0. 21 173 
0. 24618 
0. 23108 
0. 1 703 1 
0.07875 
9.97558 
9. 87807 
9, 79890 
9.74613 
9.  72401 
9. 73410 
9. 77561 
9. 84523 
9.93651 
0, 03884 
0. 13681 

S 

7.9627957 
7. 9627963 

6. 9098828 
6. 9098841 

5.6805206 
5. 6805222 

4. 3245254 
4. 3245271 

2. 8733964 
2.8733934 

1.34827 
1.34824 

9. 76393 
9.  76391 
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logs;" 

log^r- 

log6<"' 

log^r 

log  ,^6- 

log6l^' 

logftf 

(0) 

(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 

(") 
(12) 

('3) 
(14) 

Cs) 

0. 0293 
0, 0667 
0. 0503 
9,9843 
9.8847 
9. 7723 
9. 6658 

9.5793 
9.5215 
9.4973 
9. 5084 
9-5538 
9. 6300 

9. 7297 
9. 8412 

9. 9478 

9. 8420 
9. 8824 
9.8647 
9. 7934 
9. 6856 

9. 5639 
9.4484 
9. 3545 
9. 2918 

9. 2654 
9.2775 
9.3268 

9.4095 
9.5177 
9.6385 
9. 7540 

9.6506 
9.6940 

9. 6750 

9.5983 
9. 4824 
9. 3512 

9. 2268 

9.1254 
9.0576 

9. 0292 
9.0422 

9. 0955 
9. 1847 
9. 3014 

9.4317 
9.5559 

9.4556 
9. 5021 
9.4817 
9. 3996- 

9-2755 
9. 1349 
9.0014 
8. 8926 
8.8198 
8. 7892 
8. S032 
8. 8604 

8.9563 
9. 0815 
9. 2212 
9. 3543 

1.57609 
1.59982 
1.58938 
—  1.54794 
1,48718 
1. 42105 
1.36082 

1-31349 

I, 28270 
I.  26999 

1.27578 

1. 29982 
1.34102 
1. 39666 
1. 46129 

1,52547 

1.85858 
1.88283 
1.87216 
1.82978 

1.76753 
I. 69961 
1,63758 
1.58869 
1.55683 
1.54365 
1.54965 
1.57455 
1.61714 
1.67452 
1.74097 
1.80678 

1. 80816 
1.83370 
I .82247 
1.77778 
1. 71191 

1.63971 
1-57342 
1.52093 
1.48659 
1.47236 
1.47884 
1.50570 
1.55150 
1. 61293 
1.68372 
1.75348 

S 
S' 

8,1312 
8.1312 

6. 4580 
6. 4581 

4. 7510 
4. 7509 

3.0146 
3.0146 

11.37426 
11.37424 

13.60044 
13. 60041 

13. 11661 
13.11659 

log  5^^^ 

log  6^*' 

logjf 

log5f 

iog*r 

log^r 

log  5^^' 

(0) 

w 

(2) 

(3) 
(4) 
(S) 
(6) 
(7) 
(8) 
(9) 
(10) 

(") 
(12) 

(13) 
(14) 
(>5) 

1.73225 

I- 75959 
1.74758 
I. 69964 
I. 62881 

1.55073 
1.47868 
1.42134 
1.38369 
1.36806 
1.37518 
1.40466 

1.45477 
1.52168 
1.59838 
1.67357 

I. 63615 
1.66565 
1.65267 
1. 60097 
I. 52421 

1.43925 
1.36047 
I. 29751 
1.25603 
1.23878 
I.  24664 
I.  27914 
1.33424 
1.40753 
1.49114 
1.57273 

1.52389 
1.55573 
1.54175 
1.48566 
1.40258 
1.31004 
I. 22392 

1. 15483 
1. 10920 
1. 09021 
1.09886 
1. 13464 
1,19518 
1.27541 
I. 36661 

1.45524 

1.39853 
1.43295 
1.41781 

1.35740 
I.  26723 
1. 16667 
1.07276 
0. 99721 
0. 94720 
0. 92635 
0. 93585 
0. 97507 

1.04135 
I. 12896 
I. 22819 
1.32431 

1.2624 

1.2993 
1. 2832 
I. 2178 
1. 1207 
1.0116 
0. 9098 
0. 8274 
0. 7730 
0. 7502 
0, 7606 
0. S031 
0. 8756 
0. 9707 
1,0784 
I. 1822 

I. 1171 
1.1572 
1.1395 
1.0694 
0, 9646 
0. 8472 
0. 7370 
0. 6478 
0. 5885 
0. 5639 
0,5746 
0. 6216 
0. 6999 
0. 8032 
0.9192 
1. 031 1 

0. 9644 
1.0067 
0. 9885 
0, 9120 
0. 801 1 
0. 6742 
0.5559 
0.4595 
0. 3959 

0.3715 
0. 3808 
0. 4306 
0.5180 
0. 6268 
0. 7520 
0.8719 

S 
S' 

12. 39934 
12.39927 

II. 50155 
n.  50156 

10. 46199 
10. 46176 

9. 30892 
9. 30892 

8.0637 

8, 0623 

6. 7404 
6.  7414 

5.3566 
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Putting 

[i-2bcos(£  +  Q)  +  bT^'  =  -Br+Bi^^cos(£+Q)  +  BrcoS2(«  +  Q)+  .   .  . 
it  will  suffice  to  compute  the  Bn  by  the  following  formulae : 

2 

log  (X')  =  '<^g  G«r)  =  fMb'         log  Qb^)  =  o        log  (iBi°>)  =  o 

Bi"  =  b  B["  =  3b  B;"=sb  B|''=7b 

Bf  =  |b»  B;"  =  i^b» 

Then,  if  we  put  0  for  Q  —  e,  and 

ol"  =  Vb!.'>  cos  2tQ  sl'>  =  iN-Bl"  sin  2iQ 

S  2  j  g  2  J 

and,  for  convenience,  omit  everywhere  the  subscript  ^  from  the  quantities  6  and  c, 

a' 

according  as  i  or  3  or  5  or  7  is  substituted  for  n,  we  have  the  development  of  or 
or  (^^^  or        given  by  the  following  series,  the  law  of  which  is  easily  recog- 
nized : 

+  Ih'V'  +  (b''''  +  6*^0  c'''  +  (b'''  +  b''')  c'''}  COS  e 
+  Ih'V''  +  (b'''  +  h''')  c'''  +  (b'''  +  bn  c'''}  cos  20 
+  [b'V'  +  ib'"'  +  b^  a'''  +  ib'"'  +  b^  c''']  COS  30 

+  [        (b'''-bns'''  +  {b'''-bnn^mse 

+  


If  we  put 


Jc,  cos  K,  =  +  (b'"''  +  b''^'')e'''  +  {b''-''  +  b'*^'')c''' 
\  sin  K,=  {b''-''  -  b''^'')B'''  +  (&"-'^  -  b''^'')s''' 


ki  will  not  differ  much  from  and  will  be  a  small  positive  or  negative  angle. 
The  terms  having  c*^*  and  c*^*  as  factors  are  much  smaller  than  &^**c^^\  and  the  union 
of  the  terms  can  be  made  with  addition  and  subtraction  logarithms:  when  these  do 
not  give  sufficiently  accurate  results,  as  in  the  cases  where  log  hi  must  have  more  than 
seven  decimals,  the  following  approximate  formulae  can  be  used  with  advantage:  x 
being  very  small,  we  have  nearly 
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Our  series  now  takes  the  form 

^Jc,  cos  {id  -  e;) 

or,  restoring  for  9  its  value  Q  —  ^, 

2^{ki cos  [t(Q  -  g')  -  K,]  cos  i{g* +    sin  [t^Q^ g')  -  K^]  sin  i{gf -  a) ] 
Let  us  put 

Aj^^  =  -h,  cos  [i(Q  -  g')  -  K,]  A*/'  =  -  ^h,  sin  [i(Q  -  g*)  -  K,] 

This  division  by  8  is  made  in  order  to  save  the  constant  division  by  these  integers 
which  occurs  in  the  quadratures  to  follow.  For  this  purpose  log  8  has  been  subtracted 
from  log  N". 

The  form  of  our  series  is  now 

Al"^  cos  i{g*  -  £)  +  Ai'^  sin  i{g'  -  £)] 

The  values  of 

d  log  A;,  =  log  ^t,- log  (WO 

and      follow.    In  the  case  of  the  former  the  numbers  given  are  units  of  the  last 
decimal  place  employed ;  the  small  figure  at  the  top  of  the  column  indicates  the  order. 
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0/ 

The  values  for  the  development  of     are : 


S  log  ko 

d  log  hi 

d  log  fcfl 

d  log  h 

d  log 

$  log  ^6 

5  log  fcc 

S  log  JC7 

d  log  fca 

10 

10 

10 

9 

9 

8 

7 

6 

b 

—390183 

— 2430023 

-1793306 

167087 

 1 U 1 yyO 

—  15924 

-1576 

—  150 

Y  A 
—  10 

w 

400799 

2504437 

1845594 

172035 

1 640 1 

1623 

lOI 

yA 

10 

\V 

 126309 

-  577338 

53765 

  52127 

—  5124 

—  506 

—  50 

—  5 

(3; 

-[-227251 

+  1443713 

+1060737 

+  98785 

95753 

+  9411 

+  931 

+  92 

+  9 

(4) 

404078 

1955126 

181809 

170117 

17302 

1711 

170 

^7 

ft\ 
\S) 

320017 

22543^2 

1645886 

152880 

148005 

14535 

1437 

143 

14 

(6) 

+  85703 

+  617318 

+  447659 

+  41573 

+  40231 

+  3950 

+  391 

+  39 

+  4 

(7) 

—  172497 

— I285014 

-  932793 

86452 

—  83607 

—  8206 

—  811 

—  80 

—  8 

(8) 

330048 

2518043 

I 82 I 824 

16881S 

163226 

16OI7 

1583 

157 

16 

(9) 

329268 

2536963 

1834082 

1699I2 

164263 

I6II7 

1593 

157 

16 

(i6\ 

-174598 

-1338582 

-  969398 

89782 

-  86795 

—  8516 

—  841 

-  83 

  8 

+  72156 

+  543770 

+  392696 

+  36431 

+  35235 

+  3458 

+  342 

+  34 

-U  1 
^  3 

300855 

21961S2 

+  1595893 

I480I2 

I43183 

14054 

1389 

138 

14 

(12^ 

381342 

2674751 

I 950814 

I81O99 

175282 

I72II 

1 701 

169 

17 

+  229910 

+  1543874 

+  I128914 

+  104963 

+  IOI659 

+  9986 

+  988 

+  98 

-Lin 

—  99593 

—  641048 

-  471966 

43894 

—  42530 

—  4179 

—  413 

—  41 

—  4 

Ki 

K, 

K3 

K« 

Ke 

Ks 

// 

// 

// 

// 

// 

// 

// 

// 

+  44.7526 

+27.93535 

+24.  3214 

+22. 6S6s 

+21.745 

+21.15 

+20.7 

+20 

—  39-4886 

— 24. 62136 

—21.4235 

—19-  9755 

—19.142 

-18.61 

—18.2 

yS 

95. 0603 

59.  S766S 

51-6595 

48. 1724 

46. 166 

44-  88 

44.0 

44 

(2\ 

84.6114 

53. 04022 

46.1733 

43- 0825 

41-305 

40.  12 

39-3 

39 

(a\ 

w 

—  19.4464 

—12.  23565 

—10.  6651 

—  9.9605 

-  9.556 

-  9.28 

—  9.1 

—  9 

\5) 

+  56.3853 

+35.57332 

+31.0614 

+29.0403 

+27.882 

+27.09 

+26.5 

-\-20 

(6) 

99. 6608 

62. 96929 

55.0840 

51.5518 

49-528 

48.19 

47.2 

47 

(7) 

90. 5860 

57. 27495 

50.  1812 

47.0014 

45. 180 

44.  02 

43-2 

43 

(8) 

+  36.  7892 

+23.27107 

+20.  4096 

+  19. 1262 

+  18.392 

+  17-93 

+  17.6 

+17 

(9) 

—  34. 6673 

— 21. 94106 

—19.  2491 

—18.0423 

-17-352 

-16. 92 

—16.6 

—16 

(10) 

89.7918 

56.  S6664 

49. 8700 

46.  7373 

44'  945 

43.80 

43-0 

43 

(") 

101.0218 

64. 00032 

56. 0709 

52.5251 

50.497 

49.  18 

48.2 

48 

(12) 

—  59. 6880 

—37.  79195 

—33.0644 

—30. 9519 

—29-  743 

-28. 92 

—28.3 

—28 

(13) 

+  15.7935 

+  9.97826 

+  8.7172 

+  8. 1530 

+  7-830 

+  7-61 

+  7.5 

+  7 

(14) 

83- 0739 

52. 28706 

45.6163 

42. 6220 

40. 903 

39. 75 

39-0 

39 

(15) 

+  97-3145 

+60, 96963 

+53. 1300 

+49-  5953 

+47.563 

+46.  24 

+45.3 

+45 

r 
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d  log  ko 

6  log  h 

d  log  fca 

d  log  Jcz 

6  log  ki 

5^  log  A5 

d  log  ke 

d  log  k 

7 

6  log  fcg 

8 

8 

8 

8 

7 

6 

8 

6 

(0) 

—29535 

 38906 

— 41 ^21 

—42146 

-4575* 

4314 

-435 

-437 

—44 

30710 

40185 

42429 

43472 

4408 

4450 

448 

450 

45 

(2) 

—  9551 

—  12534 

—13247 

-13577 

-1377 

1389 

— 140 

—141 

—14 

is) 

+  17248 

+22904 

+24234 

+24851 

+2520 

+2545 

+256 

+257 

+  20 

(4) 

30886 

41784 

44347 

45527 

4621 

4666 

470 

472 

47 

(5) 

25  169 

34807 

37061 

38085 

3868 

3908 

394 

396 

40 

(6) 

-f  6642 

+  9388 

+iooi6 

+  10304 

+  1047 

+1058 

+107 

+108 

+  11 

(7) 

-13455 

—  19372 

—20737 

-21361 

—2172 

2196 

—221 

— 222 

—22 

(8) 

25831 

37661 

40367 

41603 

4233 

4278 

431 

433 

43 

(9) 

25807 

37829 

40575 

41828 

4254 

4301 

433 

435 

44 

 13677 

—  19999 

—21451 

-22II3 

—2249 

2275 

— 229 

—230 

—23 

+  5031 

+  815I 

+  8722 

+  8984 

+  914 

+  923 

+  93 

+  93 

+  9 

(12} 

23382 

33296 

35586 

36634 

3724 

3764 

379 

381 

38 

{'3J 

29450 

41079 

43786 

45027 

4575 

4621 

465 

467 

47 

+  17623 

+24043 

+25541 

+26226 

+  2664 

+2690 

+271 

+272 

+27 

—  750O 

— IOI43 

—1075 1 

-I 103 I 

—1 120 

1130 

— H4 

-115 

—  12 

K, 

K3 

K5 

// 

// 

// 

// 

// 

// 

// 

// 

(0) 

+29. 449 

+37.646 

+  41.712 

+  44. 

17 

+  45.82 

+  47.1 

+  48.0 

+  48 

/»\ 

(0 

—25.781 

—32. 995 

-  36-  580 

-  38.75 

—  40.  22 

41.3 

-  42.1 

—  43 

(2) 

02.  255 

79-715 

88.358 

93.58 

97. 

10 

99.7 

loi.  6 

103 

(3) 

56. 210 

71.845 

79.563 

84.  22 

87.34 

89.7 

91.4 

93 

(4) 

—  13.  178 

—1 6. 802 

-  18.579 

-  19.65 

—  20.36 

20.9 

-  21.3 

—  21 

(5) 

+39-  025 

+49. 603 

+  54.760 

+  57.84 

+  59.90 

+  61.5 

+  62.7 

+  63 

(6) 

70. 295 

89.066 

98. 166 

103.59 

107. 

20 

no.  0 

U2.0 

"3 

(7) 

64.837 

81.92S 

90. 1 86 

95.06 

98.35 

100. 9 

102.7 

104 

(8) 

+26.  582 

+33-530 

+  36.880 

+  38.87 

+  40. 19 

+  41.2 

+  42.0 

+  42 

(9) 

—25.  147 

—31.701 

-  34.858 

—  36. 73 

-  37.98 

39.0 

-  39-8 

^  40 

(10) 

65.022 

82. 022 

90. 208 

95.04 

98. 28 

loo.  8 

102.  7 

104 

CO 

72.  622 

91-755 

100. 984 

106. 46 

no.  12 

112. 9 

U4.9 

116 

(12) 

—42.  367 

-53. 654 

—  59.114 

—  62.  36 

—  64.52 

66.2 

-  67.4 

—  68 

(13) 

+  11. 016 

+13.  988 

+  15.433 

+  16.30 

+  16.87 

+  17.3 

+  17.6 

+  18 

(14) 

56.  760 

72.260 

79. 850 

84. 42 

87.48 

89.7 

91.4 

92 

(•5) 

+65.114 

+83. 088 

+  91.954 

+  97.32 

+  IOO.  88 

+103.5 

+  105.4 

+  107 

•  36  ^  NEW  THEORY  OF  JUPITER  AND  SATURN. 


The  values  for  the  development  of         are : 


d  log  fco 

6  log  hi 

dlogh 

S  log  h 

d  log  ^4 

6  log  hs 

^log  fce 

7 

7 

7 

7 

7 

7 

7 

— 5939 

— 6209 

—6444 

—6593 

—6717 

—6812 

— D007 

(0 

0425 

6648 

6S11 

6936 

7032 

7IO0 

 I9I9 

—2003 

—2074 

— 2126 

-2164 

—2194 

—■2219 

(3) 

+3479 

+  3044 

+3776 

+3880 

+3953 

+4010 

+4057 

(4) 

uzoo 

DOI5 

6882 

7076 

7221 

7331 

7421 

(S) 

5104 

5477 

5718 

5895 

6023 

6123 

6200 

(6) 

+1374 

+1467 

+1538 

+1588 

+1626 

+  1654 

+  1677 

(7) 

—2805 

—3014 

— 3171 

—3282 

-3363 

—3424 

—3463 

(8) 

5409 

5837 

6154 

6379 

6540 

6662 

6758 

(9) 

5415 

5855 

6177 

6407 

6573 

6695 

6792 

—2868 

—3098 

—3268 

-3388 

■3474 

—3540 

—3591 

\^^) 

+1176 

+1264 

+1332 

+  1379 

+  1413 

+  1439 

+  1460 

4852 

5 194 

5453 

5637 

5772 

5875 

5954 

6064 

6449 

6744 

6957 

7116 

723s 

7326 

fTA\ 

+3599 

+3796 

+3955 

+4073 

+4157 

+4223 

+4275 

frc\ 

-1536 

— 1613 

-1674 

—  1720 

■1754 

—1780 

— 1800 

K, 

K3 

K 

4 

// 

// 

// 

// 

// 

// 

W 

+20, 74 

+34.52 

+  43*90 

+  50.70 

+  55. 79 

+  59.76 

—18. 07 

—30.  ir 

-38.36 

44.  33 

-  48.83 

-  52.35 

43.78 

72. 85 

92. 80 

107. 27 

117.97 

126.44 

(3; 

39-  98 

66.38 

84. 10 

96.  98 

106. 63 

114. 13 

(4) 

-  9.51 

-15.65 

—  19.81 

22. 80 

—  25.03 

—  26,7s 

(5) 

+28.58 

+46.79 

+  59.03 

+  67.  72 

+  74.20 

+  79.18 

(6) 

52.14 

S5.00 

106. 88 

122.34 

133.78 

142.60 

(7) 

48.58 

78.92 

98.97 

113.05 

123.51 

131.49 

(8) 

+20.04 

+32. 49 

+  40.66 

+  46.41 

+  50.64 

+  53.90 

(9) 

— 19, 02 

—30. 79 

-  38.53 

43.94 

—  47. 93 

—  50.99 

(10) 

49.13 

79.56 

99.56 

113.61 

123. 94 

131.82 

(") 

54.64 

88.  58 

m.02 

126.80 

138.42 

147.30 

(12) 

—31.61 

-51.38 

-  64.53 

73.82 

—  80. 70 

-  85.96 

(13) 

+  8, 12 

+13.25 

+  16.70 

+  19- 15 

+  20.96 

+  22.36 

(14) 

41.18 

67.66 

85.56 

98.  30 

117.82 

115. 21 

(15) 

+46.45 

+76.88 

+  97.57 

+112.40 

+123.54 

+132. 12 
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The  values  for  the  development  of  T^^Yare : 


S  log  Ica 

^  log  ICi 

B  log  Jfcs 

5  log  Jfcij 

5l0gfc4 

0  log 

5 

5 

5 

6 

5 

(0) 

-89 

—77 

—80 

-83 

-85 

—86 

(0 

—93 

—80 

^84 

-87 

-88 

-89 

—90 

(2) 

-29 

-25 

—26 

-26 

-26 

—26 

—27 

(3) 

+52 

+46 

+47 

+47 

+48 

+48 

+49 

(4) 

+94 

+82 

+86 

+87 

+90 

+91 

+92 

(5) 

+78 

+69 

+71 

+72 

+74 

+75 

+76 

(6) 

+20 

+18 

+  19 

+20 

+20 

+21 

+21 

KU 

— 42 

— 37 

— 40 

—41 

-41 

—42 

—42 

(8) 

—81 

-73 

-77 

—80 

-81 

-83 

-84 

(9) 

—81 

— 74 

—11 

—80 

-81 

-83 

 54 

(10) 

—43 

-38 

—41 

—42 

-43 

—44 

—45 

(") 

+18 

+16 

+16 

+16 

+17 

+  17 

+  17 

(12) 

-1-73 

+65 

+68 

+70 

+72 

+73 

+74 

(>3) 

+91 

+80 

+84 

+86 

+89 

4-90 

+92 

(•4) 

+54 

+47 

+50 

+51 

+52 

4-53 

+53 

(•S) 



—22 

— 20 

—21 

—21 

21 

—21 

— 21 

Ki 

K, 

K3 

K4 

K5 

IT- 

(0) 

// 

tt 

ff 

// 

// 

// 

+16 

+  41 

+  44 

+  58 

+  67 

+  72 

(I) 

—16 

-  35 

-  38 

—  50 

-58 

—  62 

(*) 

—39 

-87 

—  93 

—122 

-140 

—  I?I 

(3) 

-38 

—  77 

-  84 

—III 

-128 

—  138 

(4) 

—  7 

—  18 

—  20 

—  26 

-  30 

(5) 

+25 

+  55 

+  59 

+  78 

+  90 

+  97 

(6) 

+41 

+102 

+  107 

+  139 

+160 

+171 

(7) 

+40 

+  02 

+  99 

+130 

+150 

1 

-^lOI 

(8) 

+16 

+  39 

+  41 

+  53 

+  61 

+  6s 

(9) 

-15 

-36 

—  39 

-  51 

-  59 

-  64 

(lO) 

-39 

-  95 

—100 

—130 

•14S 

-158 

(") 

—44 

—104 

—III 

-145 

167 

-i8o 

(12) 

-25 

—  61 

-  65 

-  84 

97 

—103 

(•3) 

+  6 

+  15 

+  17 

+  23 

+  26 

+  28 

(u) 

+33 

+  80 

+  86 

+112 

+  131 

+138 

(>S) 

+37 

+  90 

+  97 

+128 

+  148. 

+'S9 

38  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


a' 

Then  in  the  expansion  of     we  have : 


A 

1 

Ai 

A  CO 

Aj 

Aj 

A3 

10 

10 

10 

11 

11 

10 

(o) 

I45022iS3DO 

+  202026552 

—  849063514 

—  3409958446 

  171004309^ 

— I z 5040504 

(0 

1463004962 

165534743 

871976671 

3640004664 

1434802629 

IOI4736OI 

(2) 

1457425396 

127235650 

8721 19792 

3710027500 

IIO8633II3 

79125332 

(3) 

14350045 18 

96594253 

850441063 

3615257970 

834129533 

59175347 

(4) 

I40I552842 

79393961 

814422998 

3410294766 

071741575 

46834975 

(s) 

I 3643767 I 2 

76442920 

7733865 I I 

3 I 635 701 96 

630325000 

42931597 

yyj 

8C2q8720 

2021^068  "J? 

686107798 

At;C776'?2 

(7) 

1302096579 

102538880 

702712207 

2714169129 

807553772 

52363664 

(8) 

1283824520 

125058969 

679625103 

2544173764 

968420038 

6141872O 

(9) 

1276200852 

150383334 

666455050 

2417090023 

I I 50402242 

71594188 

(.0) 

1279640398 

176449375 

663868971 

2341401552 

I34I099I04 

82325461 

(") 

1 2939375 1 2 

201 197979 

672502830 

2325293606 

I53036I3I5 

93402992 

(12) 

131 81 80590 

222136767 

692842956 

23844913I3 

I 705621 583 

104636227 

(13) 

I 350401 285 

236036572 

724598535 

2533891037 

1846379573 

II5315760 

(14) 

1387050565 

239080805 

765531034 

2777564222 

I 9201 43086 

123519532 

142267 1462 

+  227952301 

—  010009204 

—  3091426682 

—  1550055091 

— 125827915 

s 

1.0907693703 

+  1256680799 

— 6072I6I790 

—23501508486 

— 10120609693 

—662084743 

1 . 0907693882 

+  1256680982 

— 6072162151 

— 23501511907 

— IOI206I2I55 

—662085064 

A3 

a(c) 
A4 

A4 

A5 

Afi 

A(e) 
Ae 

10 

11 

11 

10 

10 

9 

(o) 

-[-i407iS904o 

+  552656433 

+  746681339 

+  44256400 

—  18909459 

—  430248 

(0 

160676350 

705980545 

659132055 

40670344 

2977 I 961 

I I 49843 

(2) 

I 699461 61 

793843408 

52I34OI76 

32814529 

36931974 

1682626 

(3) 

I 67 I 28543 

796919804 

380710382 

24469122 

38400170 

1848808 

(4) 

155942105 

738727075 

302828944 

18789498 

35541528 

1 719023 

(s) 

141337426 

6541 18754 

271270010 

1645 1022 

30740457 

1451923 

I26Cq8'2I7 

28060821^1 

f  6e6oe'?n 

253 iZyOU 

1149523 

(7) 

I  13095826 

481059746 

313840044 

17979990 

20396865 

847724 

(8) 

loi 197466 

402679958 

358400034 

19894049 

15494742 

554261 

(9) 

91076536 

33IO7II4O 

407325962 

21886552 

10854325 

273151 

(10) 

83150239 

268703826 

458447644 

23891442 

661OI29 

—  II412 

(") 

78272599 

220785424 

5I3I93884 

26133786 

3020832 

+  220900 

(12) 

77792910 

196036282 

574685970 

29039408 

—       5281 I I 

407502 

(•3) 

83419434 

207275019 

643902015 

33019360 

+       I I 2284 

5132II 

(14) 

96589768 

2694801 I 7 

7I29839I4 

37983836 

—  2246167 

465530 

(IS) 

+11 6999681 

+  390360914 

+  758591663 

+  426201 15 

—  8703060 

+  163229 

s 

+952006014 

+3787566866 

+  3955976235 

+223229682 

-I4177489O 

—4674061 

+952006395 

+3787571349 

+  3955980619 

+223230291 

— I4I775386 

—4674109 
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"^8 

A*'* 

"^8 

Ai*' 

9 

8 

8 

8 

8 

T 

W 

"♦tf rwTj I  T 

— —  ^^UUZil 

— I35IIO 

—     0^  10 

 21 291 

-f-  o97j^ 

+  3413 

*39*55 

\  JU400 

_l_  c  'JA'y 
534-^ 

77052 

4235 

I 19178 

30086 

"y535 

3905 

*4y7"5* 

O979Z 

88198 

4*353 

52961 

20R0 

w 

I 135005 

67264 

03033 

3yo45 

J9^u9 

2264 

97* 340 

50^59 

68462 

3-^055 

1808 

W 

950371 

53425 

51274 

'^y543 

161  I 

u) 

CjI  I  eft 
54150 

33yw 

1 2681 

Z0707 

I  Cor* 

*503 

W 

1  UUiJ.O  J  J 

553*" 

16996 

_1_  1126*7 

2/950 

*377 

(9) 

I 1245 I 2 

55492 

+  899 

—  5493 

26296 

1 192 

(10) 

I I 7684 I 

54807 

—  14025 

1 341 7 

23944 

961 

(") 

1241277 

54617 

27559 

20607 

21746 

735 

(12) 

39514 

27439 

21178 

(13) 

1557889 

66507 

48804 

34008 

24428 

649 

(14) 

I8760I9 

84979 

51581 

38690 

34138 

IIOI 

(15) 

—  2250948 

— III506 

—  40225 

—365 1 1 

+  51140 

+  2I0I 

S 

—12058835 

-627475 

+  11 1340 

—  5191 

+315297 

+  15302 

S' 

—1 205891 6 

^27484 

+  III346 

-  5188 

+315310 

+  15303 

<> 

-^10 

-^10 

A*'' 

A**' 

7 

7 

T 

7 

7 

7 

7 

(0) 

-fi999 

4-1491 

—  1559 

  642 

—  992 

—  613 

+  217 

(0 

+  507 

+  708 

2233 

1 138 

614 

452 

556 

—1073 

—  265 

2244 

1243 

—  34 

—  118 

677 

(3) 

1887 

825 

1770 

1006 

+  336 

4-  120 

566 

(4) 

1889 

880 

1292 

731 

400 

175 

410 

(5) 

1482 

673 

1009 

557 

297 

126 

305 

(6) 

954 

387 

868 

462 

4-  144 

+  47 

244 

(7) 

—  417 

-  98 

772 

390 

-  7 

-  32 

193 

(8) 

+  90 

4-  166 

659 

306 

140 

96 

137 

(9) 

544 

389 

5" 

204 

242 

139 

'  72 

(10) 

935 

565 

339 

—  90 

313 

161 

+  3 

(") 

1282 

714 

167 

4-  22 

365 

171 

-  63 

(12) 

1632 

874 

—  32 

120 

426 

188 

124 

(•3) 

2039 

1 100 

4-  12 

180 

539 

237 

175 

('4) 

2462 

1408 

—  167 

+  137 

736 

351 

186 

(•5) 

-f-2615 

4-1656 

—  707 

-  125 

—  963 

—  523 

-  76 

S 

+3202 

4-2972 

—7160 

—3217 

—2097 

—1305 

+1378 

S' 

4-3201 

4-2971 

—7157 

—3218 

—2097 

—1308 

+1378 

40  A  NEW  THEORY  OF  JUPITER  AND  SATURN, 

In  the  expansion  of  T-^Y  we  have : 


A- 

.(c) 

A" 

Ai^> 

A 

(*) 

a;-* 

S 

8 

8 

8 

8 

8 

8 

(o) 

_Li 2101006 

1  *  J  J  *  VHuPW 

—  51840998 

—  32542992 

— 16405728 

— I 

5328172 

+ 

I8185642 

(i) 

q6^QQI08 

10368258 

54596399 

35586989 

14025867 

13418173 

2I25OI98 

(2) 

7888818 

54012776 

35901058 

I 0724 I 24 

I 

0356352 

22253821 

1:7^0867 

50394167 

3354158I 

7735653 

7433543 

2IOO53I3 

(4) 

^o«;o«;2i8 

^/4n'2fi/t  C 

45158364 

29691228 

5847739 

5531546 

18420444 

\j/ 

OjT-'^'t* 

^0^0701 

398018I9 

25639731 

51 10397 

4730376 

15566695 

(6) 

24680381 

4087409 

35249120 

22146607 

5200308 

4701661 

13050975 

(7) 

22707163 

4644416 

31856614 

19464988 

5794001 

51 18886 

I 1050226 

(8) 

21482IO5 

54581 13 

29670020 

17593578 

6697861 

5791861 

9541327 

(0) 

200000^0 

6463806 

28639546 

16468922 

7834727 

6650155 

846 II 26 

(10) 

2 I 215032 

7640861 

28733896 

16061400 

9196986 

7699370 

7779549 

(") 

22161697 

8974548 

29982329 

I64I5743 

10800639 

8985035 

7532876 

(12) 

23845661 

I04I2474 

32467052 

17662465 

'1263 1 87 1 

10552267 

7847264 

(13) 

262501 14 

11 8091 86 

36255364 

I 99889 I 3 

14565988 

12370479 

8948193 

(H) 

29236542 

12872141 

41234772 

23514502 

16259050 

14199125 

I 1099630 

(15) 

32418555 

+13173728 

  46840846 

  28007090 

—17096490 

—15453849 

+ 

14364166 

S 

2.  21886413 

+65094467 

—3.  18366998 

—1. 95  "3830 

—82963667 

—74160354 

+1. 08178652 

2. 21886461 

+65094510 

—3.  18367084 

— 1.95113957 

— 82963762 

— 74160496 

+1. 08178793 

Ac) 

8 

8 

8 

8 

7 

7 

7 

7 

(0) 

4-  808?'; ';4 

+  I2I45522 

+  8673540 

-  3704752 

98548 

—  573100 

—  354546 

  22400 

(1) 

I  ITI^IQIQ 

*  * / J  *y *y 

10970062 

8153752 

5970082 

269656 

566582 

373435 

+  979II 

(2) 

I  ^o86i;48 

8590198 

6514222 

7335251 

390879 

464736 

316759 

I9594I 

I26I78II 

6151518 

4667605 

7328629 

4I2819 

334245 

229471 

225476 

(a.) 

1 100^71 1 

4510084 

3375280 

6385368 

361504 

238674 

1 6201 2 

200018 

\jj 

3772919 

2761546 

5I583I2 

285325 

190954 

126732 

I54I66 

(6) 

7364525 

3657075 

2606588 

4OI3I96 

211855 

175258 

II 2934 

IO83I9 

(7) 

5942540 

3878846 

2685155 

30445 I I 

148300 

174800 

108717 

68008 

(8) 

4802403 

427514I 

2868451 

2233644 

93667 

180000 

107227 

32935 

(q) 

'18011;  80 

4787033 

3109732 

I 54261 5 

45528 

187345 

106040 

+  1729 

(10) 

318H33 

5424561 

341 7701 

946538 

1968 

.  197398 

105446 

—  26951 

(") 

2688125 

6243783 

3843124 

445356 

+  38016 

214001 

107992 

54448 

(12) 

2500012 

7325205 

4471921 

-  82081 

73496 

244336 

U8769 

81732 

(13) 

2807451 

8722558 

5400372 

+  18601 

298456 

146025 

107 I 67 

(14) 

3905202 

10338624 

6644708 

-  391428 

95436 

384195 

199357 

I 2 1075 

(IS) 

+  6037771 

+  M  739930 

+  7951480 

-  1621558 

+  35769 

—  491360 

—  278717 

— 100637 

s 

+54831092 

+56266410 

+38572411 

-25092258 

—989489 

—2457697 

—1477050 

+  285055 

S' 

+54831032 

+56266649 

+38572766 

-25092462 

—989508 

—2457743 

— 1477129 

+285038 
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A  (•) 

K 

A  (0 

A  («) 

.  (!) 

A  (e) 

All 

A  (•) 

All 

A 13 

(') 

6 

6 

6 

6 

6 

6 

6 

6 

(0) 

—  6296 

-j-zoouy 

-1-0509 

+  5392 

—  5040 

  2537 

— 39 1 0 

— 2623 

+  930 

(U 

235^3 

14225 

+  ^703 

•+26 1 9 

OZ50 

4593 

2475 

1901 

2437 

(2) 

9014 

'9/^53  r  A 

13263 

— 3575 

—  971 

8222 

4969 

—  ^37 

—  5^2 

2931 

\3) 

1 191 2 

15-^47 

9866 

OU45 

u^4j 

J*'74 

_J-  cm 

(4) 

0030 

5707 

2928 

4298 

2054 

1452 

000 

I6I3 

\5) 

4107 

3 '4" 

1094 

405 

1 1 25 

5346 

7041 

4274 

2529 

II3I 

2535 

^475 

+  403 

— |-  lOZ 

^>43 

(7; 

zouo 

lU 

1'7Rt 
3707 

 1049 

—  271 

r  rRi 
1  iOl 

—  22 

—  105 

030 

+  714 

61 14 

335  ^ 

220 

-r  440 

1 700 

597 

410 

305 

435 

—  1 183 

1660 

2860 

1^04 

1028 

584 

606 

22K 

(10) 

2910 

5197 

2325 

2257 

1505 

902 

—  261 

910 

S09 

+  10 

(") 

4593 

4851 

1827 

3I8I 

1957 

457 

+  67 

1090 

SS6 

—  204 

{12) 

6401 

4942 

*j34 

4241 

375 

1332 

030 

421 

(13) 

8418 

6046 

1788 

5619 

3339 

+  36 

596 

1787 

852 

629 

(M) 

10233 

9024 

3238 

7244 

4561 

-  543 

+  485 

2604 

1346 

712 

(15) 

—10287 

+14400 

+  6580 

+8193 

+5714 

—  2437 

-  471 

-3627 

—2124 

—  309 

S 

+  49 

+84401 

+46041 

+8720 

+9376 

—23998 

-"933 

—7396 

—5081 

+5629 

+  52 

+84393 

+46045 

+8719 

+9382 

—23990 

—1 1934 

-7395 

—5088 

+5642 

In  the  expansion  of  f       we  have: 


Ao 

Al" 

A^'» 

7 

6 

6 

6 

6 

6 

6 

(0) 

1-3976550 

+  592456 

— 2.  491 22 1 

—  I.  883176 

—  949320 

—  1.045379 

+  1.  240231 

(«) 

1-4993293 

513843 

2.  705203 

2.  119180 

835265 

940458 

I. 489421 

(2) 

1.4549244 

386015 

2.  641289 

2.  UI756 

630886 

717393 

I. 541628 

(3) 

1.2868392 

265827 

2. 335899 

1.876627 

432856 

490916 

1.387302 

(4) 

1.0694995 

188399 

1.931629 

1.540895 

303491 

340026 

I. 132334 

(5) 

8687136 

153604 

1.556182 

I.  223261 

243792 

268332 

8S2959 

(6) 

7142908 

146793 

I . 266890 

976410 

229253 

247320 

686426  ■ 

(7) 

6097718 

155897 

I. 069910 

805313 

239699 

253352 

546854 

(8) 

5489399 

175228 

952703 

697844 

265665 

275293 

453490 

(9) 

5254040 

203732 

902561 

641865 

305357 

310798 

395449 

(10) 

5361580 

242957 

913370 

631077 

361373 

362639 

366449 

(") 

5824I7I 

295627 

987320 

666748 

438698 

436873 

366302 

(12) 

6692240 

I. I3466I 

758545 

542510 

541254 

402529 

(«3) 

8032381 

446366 

1-370453 

923946 

673277 

680769 

492428 

(•4) 

9861677 

531488 

I.  703027 

I. 180903 

816494 

845868 

661 188 

(>5) 

I. 2OII55I 

+  592412 

—  2. 107287 

—  1.523724 

—  930071 

—  993712 

+  923593 

S 

7.3768593 

+2. 627297 

—  13.034790 

—9.  780606 

—4.  098992 

—4-375172 

+6.484275 

S' 

7. 3768682 

+2. 627308 

—  13-034815 

— 9.  780664 

—4.  099015 

-4-  375210 

+6.484308 
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A<^> 

A^ 

0) 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

00 

(12) 

(>3) 
(14) 
(15) 
S 
S' 

8 

+  707914 
950482 
1.046573 
963619 
784005 

599415 
45II78 
343180 
266662 
212618 
I75I44 
152653 

1495 I 5 
179707 
269867 
+  449238 
+3.850858 
+3-850912 

6 

+  956717 
8S7I99 

686886 
469716 

321333 
248724 
224097 
224045 
237420 
261523 
298598 
354476 
438010 

558365 
714591 
+  873662 

+3.877652 
+3.877710 

6 

+  776027 
748488 
59I4I3 
405153 
273852 
207718 
182558 
177502 
182468 
194670 
215540 
249809 
305799 
394707 
523400 

+  673097 

+3.051057 
+  3.051044 

6 

—  331422 
548082 
666088 
636264 
5181I4 

387933 
280994 
201208 
142072 
96580 

59723 
28917 

—  5637 
+  1368 

—  30781 

—  I37189 

—2.  034831 
—2.  034805 

6 

—  98757 
277250 

397615 
401857 

329325 
241255 
166988 
I 10443 
67180 

32157 
  I42I 

+  27831 
56588 
80858 
84488 

+  34028 

—920210 
 920245 

6 

-  574528 
582456 
472620 
325291 
217416 
I6147I 
I38186 
I3O216 
I 291 20 
132289 
I404I I 
I56817 
188189 
245389 
339942 

—  466563 

— 2. 200412 
— 2,  200492 

4 

-  3938 
4252 
3568 
2476 
1638 
1191 

990 
901 
856 
834 
835 
881 
1018 

1335 
1958 

—  293s 

— 1. 4801 
—1.4805 

4 

—  249 
+  1115 

2208 

2434 
2022 
1448 

949 
564 
263 

+  14 

—  213 

444 
700 

979 
1 190 

—  1060 

+3090 
+3092 

a(c) 
^10 

•^10 

a(c) 

a(c) 
•^12 

a(b) 

(0) 

(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

00 

(12) 

(13) 
(14) 
(>5) 
S 
S' 

4 

—  768 
+  202 

1115 
1412 
1202 
841 
516 
262 
+  63 

—  103 
254 
413 
604 

847 
1 106 
— 1 190 

+  164 
+  164 

4 

+2513 
2940 

2574 
1807 
1 184 
843 
680 

595 
538 
492 
454 
436 
467 
608 

975 
+1666 

+9385 
+9387 

4 

+  1490 
1936 
1786 
1274 
829 
577 
451 
378 
323 
271 
222 
180 
158 
196 
381 
+  829 

+5640 
+5641 

4 

+  873 
+  231 

—  482 
781 
692 
472 
266 

—  105 
+  21 

124 
215 
312 

437 
617 

854 
+1034 

+  960 
+  960 

4 

+  775 
+  385 

—  142 
407 
384 
256 
129 

—  29 

+  47 
106 
156 
208 
280 

397 
582 
+  780 

+  "85 
+  1 184 

i 

—  811 
1216 
1 198 

872 
564 
384 
290 
232 
185 
139 
93 
49 

—  10 

+  3 

—  69 

—  332 
— 3220 
—3221 

4 

—  392 
727 
779 
582 

375 
249 
182 

138 

lOI 

65 

—  29 
+  8 

45 
76 

+  67 

—  69 

—1746 
—1746 

4 

—  606 
392 

—  21 

+  195 
205 

133 
+  57 

—  3 
46 

78 
102 

125 

161 
229 
358 

—  533 
—1032 
—1032 

4 

—434 
335 

—  86 

+  81 
104 
66 
+  21 

—  13 
37 
52 
61 

69 
82 

117 
198 
—334 

—773 
-773 

4 

+  154 
412 

492 
380 
244 

159 
III 

80 
S3 
27 

+  I 

—  25 
54 
86 

105 

—  49 

+  896 
+  898 
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In  the  expansion  of  y^J  we  have : 


Ai'> 

6. 7363 

-\-  2.  9"/*^ 

 12. 5020 

 10. 2U02 

—  5- 1752 

07  2209 

+  7-3804 

+  4.6006 

+  6.2189 

(0 

7-  4755 

2.  OJjO 

14-  0955 

II.  9195 

4, 0975 

5- 7671 

9- 1336 

6. 3606 

5-9367 

(2) 

7. 1499 

I . 9830 

13. 5684 

1 1. 7182 

3-  5007 

4. 3425 

9-3319 

6.9158 

4-5389 

K3) 

5. 9601 

I. 2895 

3305 

2. 2733 

2. 8192 

7.9670 

6. 0529 

2.9500 

(4; 

4- 5307 

0305 

0.  59^" 

7-  4569 

1 . 4007 

I . 8052 

6. 01 15 

4-  5650 

I. 8710 

15; 

3- 3293 

6.  2910 

5.  4011 

1 . 0766 

I . 3047 

4.  2932 

3.  2061 

1-3305 

(6) 

2. 4913 

4. 680 I 

q'56q 

J'  yj^y 

Q2QO 

1. 1077 

J-  '^/T-J 

2.  2294 

1. 1073 

(7) 

1.970S 

'  5354 

3-6757 

3-  0456 

9067 

1. 0621 

2. 2925 

1.5907 

1.0386 

(8) 

1.6869 

5737 

3- "95 

2.5213 

9599 

1. 1046 

1.8196 

1. 1849 

1.0549 

\9) 

I . 50*0 

6539 

2. 0904 

2. 2753 

1 . 0823 

1. 2245 

I. 5581 

9283 

1. 1417 

(Id) 

I. 6291 

7869 

2.9582 

2. 2566 

I.  2922 

1.4407 

1.4558 

7708 

1. 3140 

(") 

I. 8415 

9945 

3.3208 

2.4714 

I. 6259 

1-7963 

1, 5062 

6946 

I. 6126 

(12) 

2. 2622 

1.3047 

4.  0674 

2. 9871 

2. 1364 

2,3586 

I. 7541 

7195 

2. 1078 

(13) 

2.9644 

I.  7402 

5-  3430 

3-9414 

2.  8722 

3. 2026 

2. 3166 

9310 

2. 8929 

(14) 

4.0174 

2. 2785 

7.3010 

5-5143 

3-8127 

4.3397 

3- 3922 

1.5203 

4. 0256 

(15) 

5.38I2 

+  2. 7831 

—  9-9015 

—  7-  7644 

—  4.  7401 

-  5-5435 

+  5-1524 

+  2.7439 

4- 

5^335^ 

S 

30. 5038 

+11.  2952 

—56. 8540 

—46.6775 

—19.2748 

— 22. 7199 

+34.  2200 

+22. 5063 

+22. 2384 

30-  5038 

+11.2950 

—56.8544 

— 46. 6769 

—19.2749 

— 22.  7200 

+34-2196 

+22.5081 

+22. 2388 

Ar 

Ar 

A**' 

+  5-4939 

—  2.  3463 

-  7583 

—  4.4"3 

—  3.271 

  206 

■  684 

+  2.244 

+1.424 

+834 

K^J 

5.4500 

3.9912 

2. 1885 

4. 5973 

3-  627 

+  950 

2.  697 

1.898 

+227 

(2) 

4.  2543 

4.  7914 

3. 1009 

3-  c>«57 

3-007 

1.858 

1.008 

2. 

331 

1.732 

—466 

2. 7729 

4.3556 

2.9873 

2.4176 

I.  900 

1.950 

1.  217 

1. 

559 

1.174 

719 

w 

1.7424 

3.2964 

2. 2785 

I . 5042 

I.  224 

I.  510 

966 

953 

715 

597 

{5) 

I. 2171 

2.  2725 

1.5399 

1. 0310 

o22 

I.  000 

626 

627 

460 

377 

(6) 

9903 

1-5243 

9888 

8182 

636 

611 

358 

471 

336 

199 

(7) 

9050 

1.0256 

6153 

7257 

546 

342 

172 

390 

266 

-  74 

(8) 

8920 

6950 

3596 

6911 

500 

154 

+ 

40 

339 

219 

+  14 

(9) 

9362 

4646 

1693 

0904 

478 

+  8 

64 

305 

182 

83 

(10) 

1.0446 

2895 

-  75 

7447 

482 

—  124 

159 

283 

149 

145 

(11) 

1.2505 

1452 

+  1522 

8584 

524 

264 

266 

280 

124 

216 

(12) 

1. 6167 

—  298 

3267 

1.0866 

637 

439 

409 

315 

"5 

319 

(^3) 

2. 2419 

+  78 

5008 

1.5198 

895 

656 

613 

440 

152 

479 

(14) 

3.  2248 

-  1897 

5665 

2.  2794 

1.420 

862 

863 

731 

320 

715 

(15) 

+  4. 4857 

—  9142 

+  2464 

—  3- 3774 

—  2.298 

—  828 

I.OOl 

+  1.404 

+  749 

+931 

S 

+  19. 2596 

—13. 1624 

— 6. 6004 

—15. 2212 

—  11.177 

+2. 502 

+ 

257 

+7-  667 

+5.010 

+765 

+  19-  2593 

— 13. 1611 

— 6. 6009 

—15.  2236 

—  II.  176 

+2. 502 

+ 

256 

+7. 702 

+5-005 

+766 

44  A  NEW  THEORY  OF  JUPITER  AND  SATURN, 

The  next  step  is  to  apply  the  process  of  mechanical  quadratures  to  the  preceding 
values.  Let  us  denote  any  one  of  the  coefficients  Af ,  Af'  by  Y;  and  the  sixteen  spe- 
cial values  of  Y  by  Yo,  Y„  .  .  .  .  Y15.  If  Y  is  developed  in  a  periodic  series 
as  a  function  of  ^  ^  we  have 

T  =  Co  +  CiCOS(/'  +  C2COS2(;'  +  C3C08  3£f'+    •    •  • 

+  «i  sin  g'  +  «2  sin  2^  +  «3  sin  ig'  ■\-  .   .  . 
and  the  following  formulae  determine Co,  Ci,  Si,  etc.,  from  the  special  values  of  Y*  Let 

(o.8)  =  Yo  +  T.  (^0  =  Yo-Ya 

Y. 


Then, 


(i.9)  =  Y,  +  Y,  (D"^'" 
(2.io)  =  Y.  +  Y,.  = 


(7.iS)  =  Y,  +  Y„  (^^^)  =  Y,-Y» 


(0.4)=  (0.8) +  (4.12)  (0.2)  =  (0.4) +  (2.6) 

(1.5)  =  (1.9) +  (5.13)  (i-3)  =  (i.S)  +  (3-7) 

(2.6)  =  (2.10) +  (6.14) 

(3.7)  =  (3.1 1) +  (7.15) 


8  (Co  +  <%)  =  (0'2) 

8  (ci,  — C8)  =  (i.3) 

4(<^»  +  C6)  =  (o.8)-(4.i2) 

4  (Oj-     =  {[(1.9)  -  (5-13)]  -  [(3-")  -  (7.iS)]l  COS  45' 
8C4  =(0.4) -(2.6) 

4  («» +  «6)  =  |f(i.9)  -  (S-I3)]  +  [(3-iO  -  (7-iS)] }  COS  45° 
4  («2  —  «6)  =  (2-io)  —  (6.14) 
8««  =  (1.5)  -  (3.7) 

4  (Ci  +  C)  =  (I)  +  {  (^)  -  (f^  }  COS  45' 

4  (Ox  -  c,)  =  {  Q)  -  (^)  }  COS  22'.s  +  {  (A)  _  (^)  }  COS  67».5 

4  (c,  +  c,)  =  (!)-{  (^)  -  (^)  }  cos  45° 

4  =  {  (0  -         }  Sin  220.5  -  {  (A)  -  ©  !  Sin  67..5 

4  (*x  +     =  {  G)  +  (^)  }  Sin  22».5  +  {  (A)  +  (^)  }  sin  ^y'-s 

4(.-.)  =  {(^)  +  (l)}cos45»  +  (A) 

4  («3  +  «»)  =  {(£)  +  (^)  }  «««  "°-S  -  {  (A)  +  (^)  }  «7°-5 
4(*3-.)  =  {(^)  +  (^)}cos45-(A) 


'Auseinandersetzung,  Abh.  I,  es.  IGO,  161. 
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As  the  values  of  the  Y  have  already  been  divided  by  8  we  have  no  need  to  make 
this  division  in  obtaining  the  values  of  Ci  and  5^, 
If  we  suppose  that 

AS'''=0;,o+0^iCOS^'+C^,C08  25f'+  .    .  . 

+  C^i  sin  fif'  +  OJ,  sin  2g'+  .   .  . 
M'^  =    0  +    1  cos  g'  +  SU  cos^p^+  .  .  . 

+  SJ,,  sin  sin  251'  +  .   .  . 

the  terms  in  the  developed  function,  which  belong  to  each  value  of  are* 

^  (  0; .  ±  s; .)  cos  [(i  =F  v)g'  -  ^fi]  T I  (  0: .  T  S: .)  sin  [(i  =f:  v)g^  - 

except  for  y  =  o,  when  we  have 

cos  {ig*  —  is)  +  Sl'l  sin  {ig'  —  ie) 

It  may  be  observed  that  in  all  the  following  expansions  the  constant  terms  are 
not  doubled  as  is  generally  done. 

It  is  supposed  that  it  will  be  sufficiently  accurate  to  stop  with  the  terms  whose 
argument  involves  the  twelfth  multiple  of  the  motion  of  either  planet;  but  as  the 
coefficients  below  this  limit  will  be  modified  through  corrections  arising  from  terms 
involving  higher  multiplies,  it  has  been  deemed  advisable  to  prolong  the  series  con- 
siderably beyond  this  limit.  Thus,  some  coefficients  are  needed  which  are  not  given 
by  the  division  of  the  circumference  into  sixteen  parts.  However,  it  is  possible  to 
derive  these  with  sufficient  accuracy  for  our  purpose  by  induction  from  the  rest.  For, 
when  the  terms  involving  the  argument  (t+y)g'—i£  are  put  in  the  form 

fc  cos  [(i  +  v)g^  —  is  +j3] 

it  is  found  that  when  i  is  tolerably  large  and  v  not  too  large  with  reference  to  i,  log  k 
and  /?,  for  the  same  value  of  v,  will  difference,  and  thus  may  be  considered  as  con- 
tinuous functions  of  i.  These  differences  may  be  conjecturally  prolonged,  and  values 
of  k  and  fi,  for  larger  values  of  %  be  obtained. 


*Aiu3emaad©rsetzung,  Abh.  I,  s.  165,  gL  (136). 
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I  give  here  three  specimens  of  this  method  of  induction,  taken  from  the  develop- 
ment ot  All  the  quantities  below  the  line  have  been  inferred  from  the  corre- 
sponding quantities  above  it : 


Arg. 


8-  9 

9 —  lo 

lo —  II 
II  —  12 

12—  13 

13—  14 

14—  IS 


9- 
10- 
II  - 
12- 

13- 
14- 

»5- 

10- 

11  - 

12  - 
13- 
14- 

15 
16- 


9 
10 
II 
12 

13 
.14 

■15 

■  9 
- 10 
-  II 
- 12 

-13 
-14 

■15 


log  k 


6.  5752 
6.  3340 
6. 0876 

5^8372 
5- 5838 
5-3284 
5.0717 

7. 1941 

6. 8893 
6.  5844 
6.  2784 

5-9727 
5. 6670 

5- 3613 

7. 1213 
6. 8697 
6.6148 
6.3582 
6. 1006 
5.8425 
5. 5840 


—  2412 
2464 
2504 
2534 
2554 

—  2567 ' 


—  3048 
3049 
3060 

3057 
3057 
-3057 


-52 
40 

30 
20 

-13 


—  2516 

2549 
2566 

2576 
2581 
-2585 


—  33 
17 
10 

5 

—  4 


o 

160  16 

239  21 

318  29 

37  33 

116  39 

195  45 

274  51 


+  79  5 
79  8 
79 
79 
79 
+  79 


348    II  , 

j_  79  16 

67   27^  +11 

79   27  ' 
146   54  12 

226    33  M 

—:          79  5° 

306  23  ^ 

'I  'Uso  .2+" 

106  36 


327  39 

46  22 

125  II 

204  o 

282  47 

I  34 

80  21 


+  78  43 

78  49 

78  49 

78  47 

78  47 

+  78  47 


All  the  coefficients  in  the  following  expressions,  which  belong  to  arguments  having 
a  multiple  of  e  higher  than  the  twelfth,  have  been  derived  in  this  way. 

These  series  are  the  developments  of  the  first  four  odd  powers  of  the  reciprocal 
of  the  distance  between  the  planets  in  terms  of  the  mean  anomaly  of  Saturn  and 
the  eccentric  anomaly  of  Jupiter,  having  the  general  form,  which  may  be  denoted 
thus: 

{^i'.i  cos  {i'g*  +  is)  +  8,^,  sin  {i*g'  +  is)] 


Arg. 

a' 

A 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 
0  0 

0  —  1 

0—  2 

0-3 
0  —  4 

o-S 

1.090769379 
— 0. 00961 1762 
— 0. 000029218 
+0. 000014879 
—0. 000000353 
— 0.00000001 1 

— 0. 005222181 
-fo.  000403992 
— 0. 000003042 
— 0. 000000516 
-fo.  000000024 

2. 21886437 
—  0.  13073646 
—0.01248822 

-fo.  00122596 
— 0. 00002614 
—0. 00000220 

—0.  32233309 
+0. 01678057 
-fo.00012614 
— 0. 00006522 
+0. 00000309 

7. 376863 

— 0.919969 
— 0.  228893 
-f  0, 026086 
—0. 000377 

— 0.0001 10 

—2.  722383 
+0.  216600 
-f 0. 008834 
— 0. 0021 12 
+0. 000069 

SERIES  FOR  NEGATIVE  ODD  POWERS  OF  THE  DISTANCE. 
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Arg. 


i'  i 
1  +  4 

1+3 

1+2 

I  O 
I  —  I 

1  —  2 

1—3 
1—4 

1-5 

1-  6 

2  +  4 

2+3 
2+2 
2+1 
2  O 

2—  I 
2—  2 

2  —  3 

2  —  4 

2-5 

2—6 

2-  7 

3  +  3 
3  +  2 
3+1 
3  o 
3  —  1 

3-  2 
3  —  3 

3  —  4 
3-5 
3-6 

3-  7 

4  +  3 
4  +  2 

4+1 
4  o 

4—  1 
4  —  2 
4-3 
4  —  4 
4-5 
4-6 

4  —  7 

4-8 


a' 
A 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

— 0. 000000055 

+0. 000000028 

—0.00000641 

.  +0.00000630 

—0.000173 

+  0.000218 

+O.OOOOOI2I3 

+0. 000000886 

+0. 00013146 

+0. 00C05714 

+0. 003737 

+  0.000801 

+O.OOOOI09S6 

— 0. 000037004 

— 0. 00025189 

— 0.  00244367 

— 0.  012724 

—  0.045109 

— 0. 001021715 

-l-o,  oooo7^'?i6 

— 0. 03290290 

+0.  024S82Q'? 

— 0. 369508 

+  0,328868 

4-0.  o66t;2^^7o 

-1-0. 0^^717067 

+0.  54^^0008 

+0.  27546';02 

+3.  381297 

+  ^*  715381 

+0. 125668089 

— 0. 607216197 

+0, 65094488 

— 3- 18367041 

+  2.  627302 

— 13. 034802 

-[-V.          Jt^-Vj- J  J  j*^. 

+0.006381882 

— 0. 1 642 1 930 

+0.  06482696 

-h  0. ^Q?240 

-1-0. 0001  ■?  1 740 

+0. 00006 1 99 1 

+0. 00847042 

+0. 00620331 

+0. 1 21067 

+  0.  146816 

 0.  000000988 

— 0. 000006126 

+0. 00006848 

— 0. 00060403 

+0. 005713 

—  0. 014632 

 0.  000000225 

+0,000000147 

— 0. 00003190 

+0. 00001265 

— 0.001207 

+  0.000159 

+  0.  000000012 

+0.000000005 

+0.0000014 

+0. 0000013 

+0. 000046 

+  0.  OOOOlo 

 0.  000000002 

0.000000000 

— 0. 00000215 

+0. 00000020 

—0. 000043 

+  O.OOOOII 

+  0.  000000066 

+0.000000130 

+0. 00000996 

+0,00001301 

+0. 000381 

+  0.000345 

+  0.  000002326 

— 0. 000002868 

+0.0001 1554 

— 0. 000262 1 1 

+0.001659 

—  0.006430 

—0. 000088053 

—0. 000038336 

— 0. 00479184 

+0. 00053154 

—0. 074745 

+  0.016074 

+0. 002864107 

+0. 004044874 

+0. 04443816 

+0. 06250484 

+0. 4I608I 

+  0.  ?8l^22 

-1-0.  0^g7g'?422 

 0.  062478629 

+0-  39593654 

— 0, 56323564 

+  2.  500797 

—  '{.4IUQI 

— 0.  23501 5 102 

—0.  loi  206109 

—1. 95II3893 

— 0. 82963714 

—9. 780635 

—  4.099003 

+0.  oo?o66^55 

— 0. 003542035 

+0. 04056762 

+0. 07642442 

+0, 134383 

+  1.226405 

+0. 000069656 

— 0. 000000812 

+0. 00^1^416 

— 0. 0Q412321 

+0.  089266 

—  0.06';  707 

— 0. 000003104 

+0. 000000692 

— 0. 00029492 

— 0, 00003828 

— 0. 008006 

—  0.00^481 

+0. 000000061 

+0. 000000099 

+0. 0000056 

+0.  0000158 

+0. 000072 

-f-  0.0006^4 

+0. 0000007 

— 0.000001 1 

+0. 000000001 

+0. 000000008 

+0. 00000030 

+0.00000182 

+0. 000021 

+  0.000064 

+0.000000312 

—0.000000155 

+0. 00002632 

— 0.00001996 

+0. 000645 

  0.000645 

—0. 000005984 

— 0. 000006925 

— 0. 00051581 

— 0. 00022369 

— 0.010596 

  0.003290 

+0. 00004025 1 

-l-o.  000^  6064 1: 

-i-O.  OOII I2QQ 

+0.  00916223 

-I-O.  01  It:  1 1 

-1-  0. 1  it:o4i 

-l-o.  0061^2^04 

— 0. 00421 1786 

-1-0.  OQ2^t;oOO 

— 0.  o(;^i62o^ 

+0.  8001 17 

—  0.  427144 

— 0.  03801 1415 

— 0. 4  ^4604 8 

— 0. 4^607708 

— 2.  840628 

—  2. 0742^4 

— 0.  066208490 

+0. 095200620 

— 0.  74.160j.21; 

+  1.  08178722 

— 4.  17  5IQI 

-1-  6. 4S4201 

— 0. 002210673 

— 0. 00^847006 

-i-O.  0^4.42062 

— 0.  031 19988 

-l-o.  740468 

—  0.038081 

— 0.  00001 1 QO*? 

— 0.  00180789 

 0.  00160898 

— 0.  0'?4747 

—  0.  01218'? 

+0. 000000564 

+0. 000002257 

— 0. 000021 I 

+0.  0001442 

— 0. 002090 

-1-  0.  0041II 

+0.  00000003 

 0.  00000002 

-I-O.  0000001 

 0  0000010 

+0. 0002 

0,  0000 

+0. 000000008 

— 0.  OOOOOOOOI 

+0. 00000022 

+0. 00000016 

+0. 000002 

+  0.000009 

+0.  000000024 

—0.000000004 

+0. 00000359 

— 0, 00000060 

+0. 000108 

  0.000026 

—0.  000000225 

— 0. 000000835 

—0. 00003936 

— 0. 00005157 

— 0. 00106 1 

—  o.ooiiiS 

— 0.  OOOOI2I06 

-l-O.  000027  ^74. 

0. 00040493 

-l-o  00100C2C 

— 0.  006223 

+  0.016502 

+0. 000689461 

— 0. 0001 17837 

+O.OI4408I3 

—0. 00096355 

+0. 161572 

—  0.004719 

— 0. 003158672 

— 0. 00660 1 68 1 

— 0. 04321484 

— 0. 10925388 

— 0. 335176 

—  0.954530 

— 0. 027082107 

+0.019492364 

— 0. 40318669 

+0. 27357050 

— 3. 022802 

+  1.973497 

+0.037875691 

+0-  039559784 

+0-  54831062 

+0. 56266530 

+3-  850885 

+  3-877681 

— 0. 002708439 

+0.001068270 

— 0. 02530938 

—0. 01666339 

— 0.017672 

—  0.434243 

— 0. 000027431 

—0. 000066585 

—0. 0007872 

+0. 0006010 

—0. 029824 

+  0.017755 

+0. 00000199 

— 0.00000026 

+0. 0000743 

+0.0000150 

+0. 0023 

+  O.OOII 

—0. 000010 

— 0.000003 

0.0000 

—  0,0001 
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Arg. 


t 

+  2 

o 

—  2 

—  3 

—  4 

—  5 

—  6 

—  7 

—  8 


6+ 

I 

6 

o 

6  — 

I 

6  — 

2 

6  — 

3 

6  — 

4 

6  — 

S 

6  — 

6 

6  — 

7 

6  — 

8 

6  — 

9 

o 

I 

2 

3 

4 

S 

6 

7 

8 

9 

10 

8  — 

I 

8  — 

2 

8  — 

3 

8- 

4 

8  — 

5 

8  — 

6 

8  — 

7 

8  — 

8 

8  — 

9 

8  — 

10 

8  — 

II 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

-fO.  000000001 

— 0. 00000001 1 

+0. 00000046 

—0. 00000008 

+0. 000013 

— 0,000012 

-fo.  000000006 

— 0. 000000070 

— 0.00000120 

— 0. 00000730 

— 0. 000051 

— 0. 000201 

— 0. 000002061 

4-0. 000001483 

— 0. 00009749 

+0. 00007917 

—0. 001905 

+0. 00165 1 

-fo.  00006 II 541 

-|-o.  0000183402 

+0.00167590 

+0. 0007 1 76 1 

+0. 023387 

+O.OII072 

— 0.00004405 1 1 

—0. 0008744402 

+0. 00088227 

—0.01843048 

+0.019972 

—0. 198533 

— 0. 005850270 

+0.001589795 

— 0. 10919015 

+0. 02304507 

— 0. 999876 

+0. 172078 

-f-o.  008451522 

+O.OI86I785I 

+0. 14044483 

+0. 32787286 

+1.  II8I80 

+2.719583 

-f-0. 022322999 

— O.OI4I775I4 

+0.  38572588 

— 0.  25092360 

+3.  05 1 100 

—2.034818 

+0.000374093 

+0.001776944 

— 0. 0098351 

+0.0197303 

—0. 255592 

+0. 020664 

— 0. 00005898 

+0. 00000758 

+0. 0000239 

+0. 0003108 

+0. 0087 

+0.0163 

-f-o.  00000010 

— 0.00000178 

0.000000 

— 0.000043 

+0. 0007 

— 0. 0011 

+0. 000000023 

— 0. 000000008 

— 0. 00000001 

+0.00000015 

+0.000004 

—0. 000028 

— 0. 000000216 

+0. 000000033 

— 0. 00001412 

+0. 00000270 

—0. 000337 

+0. 000076 

-fo.  000004134 

+0. 000004042 

+O.OOOI394I 

+0. 00017120 

+0. 002336 

+0. 003077 

-f  0. 000034393 

— 0. 000089303 

+O.OOI2I750 

—0. 00228942 

+0. 018026 

— 0. 029410 

— 0. 000882242 

— 0. 000098703 

— 0.0 1 98430 1 

— 0. 00393200 

—0.215399 

—0, 054884 

-f  0.000343775 

+0.004551938 

+0. 00267385 

+0. 09583348 

— 0. 005696 

4-0. 935477 

+0.  on  872674 

— 0. 002749242 

+0. 24231846 

— 0. 05190099 

+  2.  218561 

— 0. 448374 

— 0. 004674085 

—0.012058875 

— 0. 0989498 

—0.  2457720 

— 0. 920227 

— 2.  200452 

-|-o.  00109630 

— 0. 00003I3I 

+0.0143572 

+0. 0071733 

+0. 0245 

4-0. 1557 

— 0. 00000448 

+0. 00004450 

+0. 000027 

+0. 000189 

+0. 0085 

—0. 0037 

— 0.0000017 

—0.0000004 

— 0. 000023 

— 0. 000009 

— 0. 0006 

— 0. 0004 

— 0. 000000020 

+0. 000000005 

— 0.00000164 

— 0. 00000032 

—0.000043 

— 0.000009 

-f  0. 000000163 

+0. 000000500 

+0. 00000510 

+0. 00002562 

+0. 000090 

+0. 000543 

+0. 00Q007141 

— 0. 000006S50 

+0. 00027509 

—0.00019927 

+0. 004637 

— 0. 002897 

— 0.000100096 

—0. 000055409 

—0. 00260484 

— 0.00183584 

— 0. 032469 

— 0. 026305 

— 0. 000226657 

+0, 000759906 

— 0. 00701279 

+0.01854593 

— 0. 090968 

+0. 208031 

+0. 003210470 

+0. 000382706 

+0. 07571960 

+0.01209625 

+0. 792862 

+0. 151209 

— 0. 000205770 

— 0. 007123398 

— 0. 0026960 

^0. 1657167 

—0. 012445 

—1.666873 

— 0. 00627479 

+0.001 1 1343 

—0. 1477090 

+0. 0285046 

—1.4803 

+0. 3091 

-f  0.00010073 

— 0. 00063987 

+0. 005769 

— 0. 009714 

+0. 1000 

— 0. 0236 

-f  0. 0000304 

+0. 0000097 

+0. 000232 

+0.0001 14 

—0.0015 

— 0. 0039 

— 0. 0000005 

+0.0000007 

— 0. 000003 

+0. 000007 

— 0. 0003 

+0. 0003 

-f  0. 000000034 

+0. 000000062 

—0. 00000069 

+0. 00000209 

— 0. 000022 

+0. 000072 

+0. 000000944 

— 0. 000000307 

+0. 00004193 

—0. 00000687 

+0. 000801 

— 0. 000064 

— 0. 000008249 

— 0. 000010756 

— 0. 00022931 

— 0. 00039576 

— 0. 003068 

— 0. 006384 

— 0. 000073320 

+0. 000092680 

— 0. 0024 II 09 

+0. 00252016 

— 0. 034289 

+0.031420 

-f  0. 000578366 

+0. 000298475 

+0.01535549 

+0.00915939 

+0.180088 

+0. 119135 

-f  0. 000679098 

— 0. 002086163 

+0.0198473 

— 0. 0546519 

+0. 24 1 70 1 

—0. 614590 

— 0,00404931 

— 0. 00069304 

—0. 1059393 

— 0. 019 1499 

— 1. 1646 

— 0. 2181 

— 0. 00005190 

+0.00315303 

+0. 000050 

+0.084397 

+0.0164 

+0.9386 

—0. 0003539 

— 0.0001270 

— 0. 006098 

— 0. 004642 

—0.0187 

— 0. 0676 

-f  0.0000105 

— 0. 0000189 

+0.000169 

— 0. 000200 

— 0.0014 

+0. 0002 

-f-o.  0000007 

+0.0000005 

+0. 000007 

+0.000009 

+o»  0002 

+0.0001 
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Arg. 


i' 

9- 

9- 
9- 
9- 
9- 
9- 
9- 
9- 
9- 
9- 
9- 
lo- 

lO- 
lO- 
10- 
lO- 
lO- 
lO- 
10- 
lO- 
lO- 
lO- 


12  - 
12  - 
12  - 
12- 
12- 
12  - 
12- 
12- 
12- 
12- 
12- 


i 

2 

3 
4 
5 
6 

7 
8 

9 

10 


3 
4 
5 
6 

7 

8 

9 

ID 
II 

12 

13 

4 
5 

■  6 

■  7 

■  8 

9 

lO 

II 

-  12 

«3 

■  14 

-  5 

■  6 

■  7 
.  8 

-  9 

lO 
12 

■13 
14 

15 


a 

/a' 

\3 

z 

i 

(a 

) 

COS. 

8in. 

C08. 

8in. 

COS. 

sin. 

-j-o.  000000105 

-f-o.  00000001 1 

^-0.  00000500 

—J-O.  OUUOUI47 

4-0. 000102 

4-0. 000028 

— 0. 000000347 

 0.  00000147^ 

—0.  00000497 

——0.  ouuool  J4 

4-0. 000003 

-—0. 001 1 14 

— 0.  OOOOI3004 

-(-o.  000007724 

 0. 00050777 

— 0. 008041 

4-0. 002627 

-\-o.  000073128 

-f-o.  000082574 

-f-o.  00209163 

-|-o.  00279303 

-f-o.  026442 

4-0.040181 

-l-O  OOQQ776 

— 0.  01 13624 

+0. 133724 

—0- 139955 

— 0.00125724 

— 0. 00070623 

— 0.  0362737 

— 0. 0217643 

— 4374 

—0, 2763 

— 0. 00084109 

-f-0.00218541 

—0.  024950 

4-0.063599 

— 0. 3017 

-j-o  7004 

4-0.0015302 

-[-0.  0003202 

4-0.046043 

4-0. 008720 

-f-o.  5640 

4-0.  0960 

— 0. 0001 100 

-|-o.  0001856 

—0.  003582 

4-0,003558 

— 0.  0472 

4-0.0123 

— 0.  0000106 

— 0.  0000092 

—<l.  000125 

—0,000181 

0.  0000 

0.  0000 

-f-o.  0000006 

— 0.  0000006 

-f-O.OOOOII 

— 0.000002 

-f-o,  0001 

 0.  0001 

f  /->   /WWWi'J  f 
—^0.  LRJUUUUUj  I 

— pO.  OUUOU^OI 

—0.  %J\JDfJiJJ ^£ 

4-0.000073 

—0. 000149 

— 0.  00000 1 9000 

-|-o.  0000002034 

 0.  00000 1 20 

— 0.  00000250 

— O.OOI4I4 

—0. 0001 7 1 

-po. 0000130Z5 

-po.  00014437 

-J-O.  00050410 

4-0,001554 

4-0. 009252 

-|~o.  000001939 

— 0. 000049204 

-f-o.  0020907 

— 0. OOI400I 

4-0. 042790 

— 0. 018728 

— 0. 00024173 

 0. 00028135 

 0. 0074859 

— 0. OOOC7Q1 

— 0. 0968 

— o- 1339 

—0. 00060228 

-|-o.  00070156 

—0.019938 

4-0.022108 

— 0. 2676 

4-0. 2051 

-f-o.  001 1 171 

-f-o.  0007077 

4-0.035851 

4-0. 022907 

4-0. 4639 

-f-o.  2976 

-f-o.  0002972 

— 0. 0007158 

4-0.009379 

—0. 023994 

-f-o.  1 1 84 

—0. 3220 

-|-o.  0000916 

-|-o.  000081 1 

-f-o.  001899 

-f-o.  002612 

-f-o,  0068 

4-0. 0329 

— 0.0000072 

-|-o.  0000052 

—0.000158 

4-0. 000073 

— 0. 0004 

0.0000 

— 0. 0000005 

— 0.0000006 

4-0. 000002 

— 0.000009 

 0.  OUUOfj%J£4\} 

 0.  000000072 

^—0.  00000901 

—0, 00000619 

— 0. 000176 

— 0,000117 

<->    iWWTOT  f  f 

— u,  mjuuwi  1 1 

 0.  OOOOI50D 

-|-o.  00009324 

— 0. 000444 

4-0.001645 

-|-o.  0000157  *9 

— 0.  000002670 

-f-o.  0000000 

— 0, 0000475 

4-0, 009827 

— 0. 000089 

 0.  00002700 

— 0. 00007344 

— 0. 0008149 

—0. 0027374 

— 0.  OIOI 

— 0. 0418 

 0.  OOO229S6 

-f-o.  00012997 

— 0.  008 1A1 

4-0. 004277 

— 0. 1224 

+o-  0575 

-f-o.  0003583 

H-o.  0004580 

4-0.012228 

4-0. 016330 

-f-o.  1680 

4-0. 2325 

-fO.  00051 12 

— 0. 0005361 

4-O.OI8OI9 

—0.018847 

4-0. 2512 

—0. 2628 

— 0.0003217 

—0. 0002097 

—0. 01 1 933 

—0. 007396 

— 0. 1746 

—0. 1032 

-f-o.  0000545 

— 0.0000419 

4-0.001804 

— 0.000910 

-f-o.  0227 

— 0. 0027 

-f-o.  0000021 

-f-o.  000005 1 

4-0.000034 

-f-o.  000127 

— 0. 0000006 

-f-o.  0000003 

— 0.000006 

— 0. 000003 

— 0. 0000001 29 

-|-o.  000000269 

— 0. 00000787 

-|-o.  00001 157 

— 0.000143 

4-0. 000232 

-^-u.  ooouuz^5^ 

-}~0.  0000005  *  2 

-|-o.  0000904 

-f-o.  0000327 

4-0,001721 

4-0.000738 

-j-o.  00000022 

— 0.  00001435 

-f-o.  0000533 

— 0.  0005819 

-j-o.  0015 

— 0. 0094 

 0.  00000043 

-j-o.  00000978 

— 0. 002375 

-f-o.  000248 

—0. 0378 

-f-o.  0020 

-f-o.  0000572 

-fo.  0001738 

4-0.001950 

4-0. 006724 

-f-o.  0267 

4-0, 1039 

-f-o.  0003212 

— O.OOOI6I6 

-I-O.OI23I5 

— 0. 005919 

4-0. 1859 

—0. 0860 

—0. 0002373 

—0.0003367 

— 0. 009085 

—0.012877 

— 0. 1362 

—0. 1 92 1 

—0.0001306 

4-0,0001378 

— -0. 005084 

4-0.005635 

— 0. 0773 

4-0. 0897 

— 0. 0000172 

—0. 0000343 

—0.000333 

— O.OOII79 

0.0000 

—0.0154 

-|-o.  0000034 

— 0.0000004 

-f  0. 000095 

— 0, 000008 

-fo.  0000001 

-f-o.  0000005 

— 0. 000004 

-f-o.  000004 

25  AST- 
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Arg, 


t' 

13- 

13- 

13- 

J3- 

>3- 

13- 

13- 

13- 

13- 

>3 

14 

14 

14- 

14- 

14 

14- 

14- 

14- 

14- 

14- 

15- 
IS- 
IS- 

15- 

IS- 
IS- 

15- 
is- 
is- 
16- 
16- 
16- 
16- 
16- 

i6- 
16- 
16- 
16- 
i6- 


i 

6 

7 
8 

9 
10 
u 
12 
13 
14 
15 

■  7 

■  8 

9 
10 

12 

13 
14 

IS 
i6 

■  8 
9 


-  12 

-13 
-14 
-IS 
- 16 

-17 

■  9 
- 10 

- 12 
13 
14 
IS 

■  16 

■17 
iS 


A 


(I 


COB. 

sin. 

COS. 

sin. 

COS. 

sin. 

+0.  C00000279 

+0. 000000194 

+0. 0000122 

+0. 0000107 

+0. 000213 

+0. 000241 

-fo.  ooocx)o89 

— 0. 00000218 

+0. 0000515 

— 0, 0000945 

+0.  OOM 

— 0.0016 

— 0.(X)OOI200 

— 0. 00000243 

— 0, 000499 

—0. 000140 

— 0.  0085 

— 0. 0029 

— 0.0000014 

+0. 0000463 

— 0.000159 

+0.001925 

— 0. 0040 

+0. 0318 

+0. 0001225 

—0.0000152 

+0. 005049 

—0. 000456 

+0. 0820 

—0. 005 1 

— 0. 0000582 

— 0. 00021 14 

— 0. 002249 

—0. 008688 

—0. 0341 

—0. 1389 

— 0. 0002084 

+0. 0000928 

—0. 008593 

+0. 003852 

—0. 1368 

+0. 0619 

+0. 0000557 

+0. 0000756 

+0. 002503 

+0.003219 

+0. 0433 

+0. 0530 

— 0. 0000205 

-|-o.  0000058 

— 0.000731 

+0. 000039 

— 0.  OIOI 

— 0. 0015 

-fo.  0000003 

— 0.0000017 

+0.000006 

—0.000067 

+0. 00000024 

— 0. 00000026 

+0. 0000141 

— 0. 0000112 

+0. 0003 

— 0. 0002 

— 0.00000184 

— 0. 00000118 

— 0. 000075 

— 0. 000057 

— 0. 0015 

— 0.0014 

—0. 0000039 

-|-o.  0000092 

— 0. 000198 

+0. 000408 

—0.0039 

+0. 0073 

-|-o.  0000322 

-|-o.  0000076 

+0,001441 

+0. 000403 

+0. 0251 

+0. 0080 

-|-o.  0000061 

— 0. 0000815 

+0.000375 

—0. 003575 

+0. 0078 

— 0. 0609 

—0.0001319 

-fo.  0000094 

—0.005794 

+0. 000338 

— 0. 0979 

+0. 0046 

+0. 0000279 

-|-o.  0001229 

+0.001267 

+0. 005432 

+0. 0218 

+0.0919 

+0. 0000416 

— 0. 0000207 

+0. 001927 

— 0.00102 1 

+0.0343 

— 0.0191 

-f  0.0000010 

+0. 0000118 

— 0. 000049 

+0. 000427 

— 0. 0021 

+0. 0064 

— o.ooooon 

— 0. 0000005 

— 0.000044 

— 0.000012 

— 0.XKD000021 

—0. 00000028 

— 0. 000006 

— 0. 000008 

— 0. 0002 

— 0. 0003 

—0. 0000014 

+0.0000015 

— 0. 000068 

+0. 000064 

— 0. 0014 

+0. 0012 

+0. 0000065 

+0. 0000045 

+0. 000299 

+0. 000234 

+0.0055 

+0. 0045 

+0. 0000099 

— 0. 0000219 

+0. 000507 

— 0.001018 

+0. 0100 

— 0.0184 

— 0. 0000513 

—0. 0000143 

— 0. 002384 

— 0. 000732 

—0. 0426 

— 0.0142 

— 0. 0000099 

+0. 0000784 

—0, 000506 

+0.003669 

— 0. 0097 

+0. 0654 

-f  0. 0000695 

— 0. 0000019 

+0. 003279 

— 0. 000122 

+0. 0586 

—0. 0024 

— 0. 0000066 

— 0. 0000220 

— 0. 000360 

—0. 001 105 

—0.0073 

—0. 0211 

-f-o.  0000065 

+0. 0000007 

+0. 000236 

+0. 000077 

+0. 0038 

+0. 0021 

—0.0000005 

+0. 0000006 

—0. 000013 

+0. 000027 

—0. 0000003 

+0. 0000002 

— 0.000014 

+0.000007 

—0. 0003 

+0. 0001 

+0.  OOOOOIO 

+0.0000016 

+0. 000048 

+0. 000076 

+0. 0008 

+0, 0014 

+0. 0000042 

— 0.0000044 

+0. 000227 

— 0. 000209 

+0.0045 

— 0. 0039 

— 0.0000138 

—0. 0000097 

—0.000672 

— 0. 000517 

— 0.0125 

—0. 0102 

— 0. 0000155 

+0.0000305 

— 0. 000779 

+0, 001493 

+0.0158 

+0. 0281 

+0. 0000444 

+0.0000149 

+0. 002210 

+0. 000762 

+0.0414 

+0.0147 

-|-o.  0000064 

—0. 0000378 

+0. 000289 

—0.001897 

+0. 0054 

—0.0357 

—0.0000113 

+0, 0000014 

—0.000611 

— 0. 000089 

+0.0125 

+0. 0020 

+0.0000010 

— 0. 0000034 

+0. 000071 

—0.000124 

+0.0019 

—0, 0022 

-l-o.  0000002 

+0. 0000004 

+0.000015 

+o.oooon 
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Arg. 

COS. 

sin. 

Arg. 

COB. 

Arg. 

COS. 

sin. 

i 

i 

i 

O  0 

30.504 

3—  I 

+  5-905 

—  3-074 

6  — 

6 

—  D.  000 

—15.225 

O —  I 

—  5.696 

—17-950 

3  —  2 

—  ID.  D<S2 

—17.875 

6  — 

7 

—  0.  720 

+  I. 821 

O  —  2 

—  2.405 

+  1-974 

3  —  3 

— 22. 720 

+34.  220 

6  — 

8 

+  0.215 

—  0. 018 

0  —  3 

+  o-  335 

-|-    0.  104 

3  —  4 

+  7-  243 

+  0.  oio 

o  — 4 

—  0. 001 

  0.  038 

3  —  5 

—  0.  332 

  0.820 

2 

+  0.057 

—  0.033 

o  — 5 

—  0. 005 

-|-    0.  002 

3  —  6 

—  0.  056 

+    0.  069 

3 

—  0. 321 

—  0.  283 

3  —  7 

+  0. 008 

+  0,002 

7 

4 

—  0,  <S7i> 

+  1.827 

1  +  4 

—  0. 004 

-|-  0. 006 

7" 

5 

+  6.390 

+  1-367 

1  +  3 

0. 062 

-l-  0. 005 

4-1-  I 

—  0. 014 

  0.020 

7~ 

6 

—  0.023 

— 12.  726 

I  +2 

—  0.  201 

—  0. 538 

4  0 

—  0.072 

+    0.  196 

7" 

7 

—  II.  173' 

+  2.503 

I  +  I 

—  3-  129 

+  2.978 

4—  ' 

+  1 .  4<so 

  0.024 

7~ 

8 

+  I- 135 

+  0:483 

I  o 

-|-20.  066 

-|-io.  186 

4  —  2 

—  2.  295 

—  7-035 

7  — 

9 

+  0.003 

—  0.  1 12 

I  —  I 

+  11.295 

-50-  854 

4  —  3 

— 19. 060 

+  12.  142 

I  —  2 

-14-  393 

-|-  2.  242 

4  —  4 

+22.  507 

+  22.  239 

8  — 

2 

+  0.  OIO 

—  0. 001 

I  —3 

+    I.  158 

-\-  1.786 

4  —  5 

+  1. 061 

—  4. 708 

8  — 

3 

—  0.038 

—  0.  078 

I  —4 

-|-  0.  121 

—  0.  206 

4-0 

—  0.  521 

+  0.  103 

8  — 

4 

—  0.  365 

+  0.305 

I  —  5 

—  0.  029 

—  0. 002 

4—7 

+  0.037 

+  0.039 

8  — 

5 

+  1. 617 

+  I.  150 

I  —  0 

-|-  0,  001 

-f-  0. 004 

8  — 

6 

+  2.  166 

—  5*  200 

5  0 

—  0.026 

+  0.023 

8  — 

7 

—  9-  498 

—  I. 819 

2  +  3 

-|-  0. 003 

—  0.  ODD 

5  —  I 

+  0.256 

+  0.  126 

8  — 

8 

+  0.  264 

+  7-678 

2  -\-  2 

-|-  0. 016 

—  0.  090 

5  —  2 

-f  •  0.  227 

—  1-746 

8  — 

9 

+  0. 295 

—  0. 656 

2+  I 

—  0. 812 

+  0.  207 

5  —  3 

—  7-484 

+  I.  lOI 

8  — 

10 

+  0.058 

—  0.008 

2  O 

-j-  3-  200 

+  4.542 

5  —  4 

+       7.  280 

+  18.  200 

2—  I 

+  14.  662 

—  19.  650 

5-5 

+  19-  255 

-13- 169 

9  — 

3 

+  0.001 

—  0.016 

2  —  2 

-46.  677 

—  19.275 

5-6 

—  2. 953 

—  0. 945 

9  — 

4 

—  0.096 

+  0.025 

2  —  3 

+  0.  141 

+  10.570 

5-7 

+  0.007 

+  0.331 

9  — 

5 

+  0.  261 

+  0.429 

2  —  4 

+  1.240 

—  0. 638 

5-8 

+  0.037 

—  0.002 

9  — 

6 

+  I-3I7 

—  I.  292 

2-5 

—  0. 121 

—  0.  086 

9  — 

7 

-  3.845 

-  2.  557 

2  —  6 

—  0.002 

+  0.014 

6—1 

+  0.028 

+  0.036 

9  - 

8 

—  2.657 

+  6.60s 

6  —  2 

+  0. 199 

—  0. 302 

9  — 

9 

+  5.006 

+  0.  763 

3  +  2 

+  O.OIO 

—  0.012 

6-3 

-  1.879 

—  0. 547 

9  — 

10 

—  0. 379 

—  0. 180 

3  +  1 

—  0. 142 

—  0. 036 

6-4 

—  0.  217 

+  7. 233 

9  — 

II 

—  0.007 

+  0.029 

3  o 

+'0.159 

+  I- 135 

6-5 

+  15-843 

—  3.076 

In  order  to  be  serviceable  in  the  method  of  treating  the  problem  we  intend  to 
follow  it  is  necessary  to  transform  the  preceding  series  into  others,  the  arguments  of 
whose  terms  are  of  the  general  form  iy  +  ig.  This  is  done  by  means  of  the  Bes- 
SELiAN  functions  (we  use  Hansen's  notation  for  these  quantities).  The  following 
formulse  serve  for  their  computation :  * 

Derive  from 
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where 

h 

in  which  equations  we  must  begin  with  so  large  an  integer  for  k  that,  for  the  first 
appHcation,  we  can  put  Pj^_^^  =  o.  This  integer,  in  the  present  case,  may  be  assumed 
as  about  8  or  9.    The  value  of  Jf^  is  then 

where 

t(0)  „  ,   ^  4. 

For  the  present  purpose  it  suffices  to  suppose  in  these  formulae  I  equal  in  succession 
to  e,  ^e,  26,  etc. ;  but  as  we  shall  hereafter  need  these  functions  corresponding  to  the 
eccentricity    of  Saturn,  the  following  tables  contain  the  latter  quantities  also : 


i 

iog(jL"^-i) 

3 

log  i  jL" 

s 

log  |jL" 

1 

log 

3 

log  ijL" 

I 

6.  76464/? 

8. 3822758 

6. 4636901 

4. 3689921 

2.  1493469 

2 

7. 3666 II 8« 

8.  3818968 

6. 7644675 

4.  9708626 

3.0522853 

3 

7. 7i84785« 

8. 3812646 

6. 9401375 

5.3227293 

3.  5803065 

1.7409358 

4 

7.9679134^ 

8. 3803790 

7.0644861 

5.5721642 

3. 9547687 

2.2403957 

5 

8. i6ii649» 

8. 3792397 

7.  1606373 

5.7654153 

4. 2450436 

2. 6276565 

6 

8. 3i88323» 

8. 3778459 

7.  2388909 

5. 9230826 

4. 4820315 

2.9439185 

7 

8. 4518964?/ 

8. 3761967 

7. 3047404 

6. 0561538 

4.  682214I 

3.2111575 

S 

8. S669394« 

8. 3742908 

7. 3614652 

6. 171 1884 

4.  8554309 

3. 4424930 

9 

8. 668i692« 

8.3721278 

7. 41 1 1809 

6. 2724174 

5.0080283 

3.6463866 

10 

8. 7584745" 

8. 3697058 

7.4553308 

6. 3627288 

5- 1443388 

3.8286154 

II 

8. 8398^ 

8. 36701 

7. 4949 

6. 4441 

5.267 

3.  994 

12 

8.  9138^ 

8.  56404 

7.  5307 

6.5181 

5.380 

4.  145 

13 

8. 9814W 

8.  36078 

7.  5632 

6.  5858 

5.484 

4.  284 

i' 

log 

log  Jj?; 

t 

log  J,".! 

t 

logJi^! 

log  J,,.- 

3 

logJi'j 

3 

I 

6. 8951130;? 

8. 4474282 

6.  5940540 

4.  5645600 

2.  4IOII60 

0.  1587563 

2 

7.4969I58» 

8.  7479463 

7. 1957728 

5.4673942 

3.6140313 

1.6637357 

3 

7.84867i8» 

8. 9231839 

7. 5473865 

s. 9952414 

4.  3180552 

2.  5439078 

4 

8. 0979528^ 

9. 0469266 

7. 7964672 

6. 3694592 

4.81733" 

3. 1682020 

5 

8.29ioo46« 

9. 1422972 

7. 9892624 

6. 6594221 

5.  2043580 

3.6522414 

2.  0209 

6 

8, 4484286^ 

9. 2195944 

8.1463714 

6. 8960265 

5.5203318 

4.  0475219 

2.4944 

7 

8, 58l2I22« 

9. 2843  "0 

8. 2787822 

7.0957559 

5. 7872306 

4. S^^S^S^ 

2.  8961 

/ 
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The  transformation  we  seek  to  accomplish  is  arrived  at  by  the  aid  of  the 
equations 

cos  (/?  -  hs)  =  'i^*  J        COS  (/?  -  ig) 


siu  (/? 


ig) 


where  j3  denotes  any  arbitrary  angle.  In  employing  these  equations  it  must  be 
remembered  that 

and  when  i  =  o  and  A;  =  i  or  —  i  we  must  suppose  that  the  multiplier 

t    ^  2 

but  when  k  has,  in  the  same  case,  values  different  from  i  or  —  i  this  multiplier 
vanishes. 

The  developments  found  for  the  four  odd  powers  of  the  reciprocal  of  the  distance 
of  the  planets,  when  the  terms  are  made  to  take  the  form 

0***  cos  {i'g'  +  ig)  +  0*''  sin       +  ig) 

are  as  follows : 


Arg. 


A 


COS. 


COS. 


sin. 


i'  i 

o  o 

O —  I 
O—  2 

0-3 

0  — 4 

0-  5 

14-4 
«  +  3 

1  +  2 

i  +  i 
I  o 

I  —  2 

1—  4 

1-5 

1  —  6 

2  +  4 
2  +  3 

2  -f  2 
2+1 


1.09099923 

— o.  00960195 
— o.  00026172 
-f  o.  00000505 
+0. 00000029 
0.00000000 

+0. 00000002 
-|-o.  00000080 
— o.  00001498 
— o.  00105822 
+0, 063516727 

+O.I2543II7 

-f  0.00641586 
-|-o.  00040449 
-j-o.  00002  U3 
-f-o.  00000088 
-f  0.00000004 

+0. 00000001 
-fo.  00000008 
— 0.00000012 
— o.  00009858 


— o.  00524015 
-f  o. 00027740 
-f-o.  00001 192 
-f-0. 00000001 
0.00000000 

-fo,  00000001 
— o.  00000060 
— o. 00002952 
-f-o.  00025165 
-fo.  048362194 
— o.  607  J  7079 
— o.  00826731 
— o.  00015969 
— o.  00000945 
— o.  00000046 
— 0.00000001 

o.  00000000 
— o.  00000002 
— o.  00000319 
— 0.00001954 


2. 22201791 

— o.  13001896 
— 0.01569650 
-f-o.  00050731 
-fo.  00002881 
—0.00000104 

-fo.00000131 
+0. 00009035 
— o.  00105960 
— o,  03306005 
+0.52839296 
+0. 65850333 

— o.  14876566 
-fo.  00108483 
-f  o.  00032505 
— o.  00000609 
— o.  00000075 

—0.00000133 
+0.00001138 
— 0.00000416 
— o.  00490064 


— o.  32304848 
+0. 00896318 
+0. 00065823 
— o.  00002901 
— o.  00000126 

+0. 00000566 
— o.  00003872 
— o.  00182006 
+0. 02561226 
+0. 35166657 

—3. 18494695 

—0.01247904 
+0. 00657454 
— o.  00012160 
— 0.00001649 
+0. 00000029 

+0. 00000056 
+0. 00000099 
— o.  00024417 
+0. 00071 159 


7.39905 

— o. 908103 
— o. 25240 
+0.  OI4I9 
+0. 00094 
— o.  00007 

+0. 00281 
— o.  02186 
— o.  36944 

+3. 326835 

+2.718265 

—1-854333 
+0.03012 
+0.  OIOI8 
—0.00036 
+0.00004 

+0. 00040 
— o.  00017 

07545 


—  3.732029 
+  o.  14988 
+  0.01703 

—  0.00106 

—  0.00006 


—  0.001 10 

—  0.03715 

+  o.  33465 
+  2.021865 
—13.046252 
+  0.069633 

+  0.15512 

—  0.00351 

—  0.00060 

—  0.00004 

+  0.00004 

—  0.00605 
+  0.01738 
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Arg» 


2 —  I 
2 —  2 
2—  3 

2—  4 

2-  5 

2—  6 

2-  7 

3+  3 

3+  2 

3+  I 

3  o 

3-  I 
3-  2 
3-  3 
3—  4 
3-  S 
3-  6 
3-  7 

3-  8 

4+  2 
4+  I 

4  o 

4—  I 
4—  2 
4—  3 
4—  4 
4-  5 

—  6 

—  7 

—  8 

—  9 

+  2 

+  I 
O 

—  I 

—  2 

—  3 

—  4 

—  5 

—  6 

—  7 

—  8 

—  9 


A 

(^)' 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

-f  0. 00190636 

-fo.  00555286 

+0. 03500321 

+0.07616804 

+0. 357561 

+0. 663313 

-fo,  05 1 1092 1 

—0.05756433 

+0.48984397 

—0. 52282903 

+2.  97II9O 

—3.214450 

-0. 23387573 

—0. 10221994 

— 1. 93998606 

— 0. 846811 16 

—9.707139 

—4. 260549 

— 0. 00624030 

— 0. 00844844 

—0. 05348459 

+0. 03601 136 

—0.343378 

+  1.026094 

— 0. 00010949 

—0.00049321 

+0.00155033 

— 0. 00052144 

+0. 07647 

+0. 01401 

—0.00000172 

— 0. 00002670 

— 0.00004175 

— 0. 00020075 

+0.00010 

— 0. 00496 

-|-o.  00000001 

— 0.00000134 

— 0. 00000972 

— 0. 00000341 

—0. 00032 

+0. 00006 

0.00000000 

— 0. 00000006 

— 0. 00000012 

—0. 00000027 

1,0  00000068 

-Un  ononnoi  5 

J_o  OOOOI'ZOC 

— 0. 00002483 

4-0.000^8 

— 0. 00072 

— 0. 00000760 

— 0. 0000055 1 

— 0. 00054159 

— 0. 00020514 

—0. 01084 

— 0. 00313 

— 0. 00010753 

4-0. 00047 1 41 

— 0. 001 10240 

+0.01044997 

—0. 00353 

+0. 12632 

+0. 00790442 

— 0. 00241 147 

+0. 1 1 262276 

— 0.03III197 

+0. 932828 

—0.  277793 

—0. 03299484 

— 0. 04246351 

— o-  37777494 

-0.51550556 

—2.  496781 

—3.446378 

--0. 06747291 

+0.09335838 

— 0.  76188256 

+1.05805306 

—4.55970 

+6.31032 

—0. 00705343 

+0. 00296843 

—0. 02009453 

+0.04618699 

+0.  41605 

+0. 42870 

—0. 00045060 

— 0.00001077 

— 0. 001 75 1 77 

+0. 00005193 

+0.01765 

— 0. 02808 

—0. 00002521 

—0. 00000696 

—0. 00018823 

+0. 00000271 

— 0.  00219 

— 0. 00066 

— 0. 00000133 

— 0.00000061 

— 0. 00000757 

+0.00000I8I 

— 0. 0003 

+0. 0002 

— 0. 00000007 

— 0. 00000005 

_j_o.  00000001 

. , Q  00000002 

_Lo  OOOOO2CI 

 0. 00000183 

—0.  ouuLWJuyo 

— u.  iAjmj^*J/* 

— 0.  001 1 

~~o.  001 1 

— 0. 00002873 

+0. 00003023 

— 0. 00075153 

+0. 00102973 

—0. 01009 

+0.01664 

+0.  00081742 

+0. 00021726 

+0. 01612695 

+0.00453965 

+0. 174970 

+0, 043006 

— 0. 00 1 089010 

— 0. 007906123 

— 0. 01234856 

—0. 12748736 

—0. 1 0306 1 

—1.086030 

— 0. 03074857 

+0.01527037 

—0. 45602074 

+0.  21266233 

—3-  393635 

+  1.  542189 

+0. 03589089 

+0. 04045233 

+0. 5 17 1 1042 

+0.57889510 

+3.  59852 

+4.0338S 

-1-0.00084473 

+0.00493552 

+0.02593559 

+0. 03856237 

+0. 3427 

— 0. 0505 

— 0. 00009466 

+0. 00034150 

— 0. 00010393 

+0. 00256650 

— 0. 0058 

— 0. 0072 

— 0.00001245 

+0.00001929 

—0. 00004875 

+0.00019287 

— 0. 0005 

+0. 0010 

— 0.  00000100 

+0. 00000097 

— 0. 000010 

+0. 000012 

+0.0001 

+0. 0001 

— 0. 00000006 

+0, 00000005 

— 0. 00000354 

+0.  00000104 

— 0. 00013788 

+0.  00006204 

—0.0025 

+0.0014 

+0. 00005805 

+0.00006172 

+0.00153582 

+0.00162309 

+0. 02154 

+0. 02075 

+0.0003989933 

— 0. 0009429136 

+0. 00912144 

— 0.01926179 

+0. 09521 

— 0.  20382 

— 0. 006537862 

— 0. 0003 142 1 6 

— 0. 1 20409 1 1 

— 0. 01060942 

— 1.08796 

— 0. 10894 

+0, 00527436 

+0. 02027174 

+0. 08490433 

+0. 35670452 

+0,  66777 

+2. 95066 

+0. 02272923 

— O.OI2437I4 

+0. 39452729 

— O.21861518 

+3. 1465 

—  1.7469 

+0. 00309749 

+0. 00017604 

+0.0373479 

— 0. 0084018 

+0. 1 1 98 

—0.  2063 

+0. 00022496 

+0. 00012675 

+0. 0025727 

+0. 0007449 

+0. 0033 

— 0.0004 

-fo.  00001228 

+0. 00001409 

+0.000158 

+0. 000106 

+0.0009 

+0. 0005 

+0. 00000052 

+O.O0000I0I 

+0.000009 

+0. 000007 
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Arg. 


i'  i 

6  o 

6—  I 

6—  2 

6-  3 

6-  4 

6-  5 

6—  6 

6-  7 

6—  8 

6-  9 
6  — 10 
6— II 


—  2 

—  3 

—  4 

—  5 

—  6 

—  7 

—  8 

—  9 

—  lo 

—  12 

8-  I 

8—  2 

8-  3 
8-  4 
8-  5 
8-  6 
8-  7 
8-  8 
8-  9 
8  —  10 
8— II 

8—12 


a 

/a' 

A 

) 

COS. 

Bin. 

COS. 

sin. 

COS. 

sin. 

— 0. 00000032 

— 0. 00000007 

— 0.0000175 

— 0. 0000014 

-1-0. 00000170 

4-0. 00000822 

-|-o.  0000633 

-j-o.  0002772 

-I-O.OOI2 

+0.0045 

-|-o.  0000984225 

—0. 000071 1576 

-|-o.  00264710 

— 0. 00177064 

+0.03351 

— 0. 0231 1 

— 0. 00085675 

—0. 00055099 

—0.0188698 

—0.0134388 

— 0. 20307 

—0. 14769 

— 0.001 18097 

-j-o.  00474846 

— 0. 0285594 

-f-o.  0991728 

—0. 2938 

+0. 9612 

-fo.  01 241237 

—0.00054155 

i-o.  2533309 

—V.  UUQUVi/Z  I 

+2.3174 

—0. 0348 

-0. 00334080 

—0.01209833 

— 0. 0703527 

— 0.  2473777 

—0. 6403 

—2. 2278 

-(-0. 0005 191 1 

—0. 00178506 

-j-o.  0022716 

— 0. 02861 14 

—0. 0867 

—0. 1660 

-|-o.  00012209 

—0.00013046 

-|-o.  0012304 

— 0. 0020526 

-I-0.00I3 

— 0. 0083 

-|-o.  00001267 

— 0. 00000623 

-|-o.  0001426 

— 0. 0001228 

-j-o.  0005 

—0.0008 

+0. 00000076 

— 0. 00000013 

-f-0. 0000182 

— 0. 0000040 

+0. 00000005 

-J-o.  00000002 

— 0.0000017 

— 0. 0000009 

—0. 00000027 

-|-o.  00000078 

— 0. 0000104 

-j-o.  0000334 

— 0.0001 

+0.0006 

-f  0.00001367 

— 0. 00000107 

-|-o.  0004431 

— 0.  0000231 

+0. 0067 

— 0. 0005 

— 0. 00006343 

—0.0001 2601 

—0.0015734 

— 0. 0035468 

— 0.0198 

—0. 0454 

— 0. 00061694 

-(-0. 00065304 

— 0.0162048 

-j-o.  0156279 

—0. 1874 

+0. 1744 

-\-o.  00310773 

-j-o.  00148474 

-|-o.  0728272 

-j-o.  0377925 

+0-  7594 

+0.41 14 

-{-0.00122992 

— 0. 00711895 

+0-  0335344 

— 0. 1655894 

+0. 3306 

—1.6647 

— 0. 006 II 335 

-f-0.00019169 

— 0. 1442453 

-j-o.  0060^^6 

—1. 4512 

+0. 0688 

— 0. 00094401 

— 0. 00053174 

— 0. 0189536 

— 0. 0069320 

— 0. 1484 

+0. 0048 

— 0. 00006403 

—0. 00009925 

— 0.  OOI^t^AQ 

—0.  OOI'^O'^O 

— 0. 0093 

—0.0048 

— 0. 00000770 

— 0. 00001066 

— 0. 0000604 

 0.  0001589 

— 0. 0007 

+0.0010 

— 0. 00000051 

— 0. 00000099 

— 0. 0000005 

—  0. 0000141 

— 0. 00000002 

— 0. 00000008 

— 0. 0000029 

-j-o.  0000021 

-f  0. 0000013 

+0. 0000007 

-(-0. 0000521 

-f  0. 0000272 

-f  0.0009 

-fo.  0005 

-fo.00000131 

— 0.00001807 

-(-0. 0000700 

—0. 0005898 

-fo.ooio 

— 0. 0088 

— 0.0001368 

-j-o,  0000409 

— 0. 0040826 

-|-o.  0009939 

 0  oci8 

— VF. 

-f  0. 0004244 

-j-o.  0005943 

-fo.  0109759 

+0.0168853 

+0.1277 

-f  0.  2061 

-f  0. 0014097 

— 0.0018469 

-f  0, 0389561 

— 0. 0480294 

+0.4528 

— o-  5379 

—0. 0038285 

— O.OOI570I 

—0. 1000754 

— 0. 0424509 

—  1.0987 

— 0. 4782 

—0. 0006357 

-|-o.  0029199 

— 0. 015920 

-j-o.  078347 

— 0. 1698 

+0. 8739 

— 0. 0004220 

-f  0. 0004628 

—0. 007732 

-I-0.0III20 

— 0. 0351 

-f  0. 1078 

— 0. 0000725 

-f  0. 0000260 

— 0. 001296 

-|-o.  000721 

— 0.0067 

-f  0. 0070 

—0. 0000075 

—0. 0000006 

— 0. 000139 

-|-o.  000012 

— 0. 0008 

-fo.  0003 

— 0.0000004 

— 0.0000004 

— 0. 00001 1 

— 0.000004 
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Arg. 


i' 
9- 

9- 

9- 

9- 

9- 

9- 

9- 

9- 

9- 

9- 

9- 

lo- 

10- 
lO- 
10- 
lO- 
10- 
lO- 
10- 
10- 
10- 
lO- 

II  - 
II  - 
II  - 
II  - 
II  - 
II  - 
II  - 
II  - 
II  - 
II  - 

11  - 

12- 
12- 
12- 
12- 

12  - 
12  - 
12- 
12  - 
12  - 
12- 
12- 


-  2 

-  3 

■  4 

-  5 

-  6 

■  7 

-  8 

-  9 

-  lO 

-  II 

-  12 

■  3 

-  4 

■  S 

-  6 

-  7 

-  8 

-  9 

-  10 

-  II 

-  12 

-13 

'  4 

-  S 

-  6 

-  7 

-  8 

-  9 

-  10 

-  II 

-  12 

-13 
-14 

-  S 

-  6 

-  7 

-  8 

-  9 

-  lo 

-  II 

•  12 

-13 
.14 

15 


1 

2 

(^)' 

(IT 

COS. 

sin. 

COS. 

sin. 

008. 

sin. 

-f-o.  0000042 

4-0. 0000063 

-|-o.  0000013 

— 0, 0000018 

-|-o.  0000518 

— 0. 0000678 

+0.  0009 

—0.0012 

— 0.  00002004 

—0.  00000492 

— 0. 0006759 

— 0. 0002028 

— 0.  OIOI 

— 0.  0032 

-^0.  0001305 

-|-o.  0002240 

4-0.0041555 

+0.0017 

+0. 0568 

-1-0.  ooo>:io>: 

— 0.  0002285 

+0.0156959 

— 0. 0062787 

+0.  2025 

—0.  0757 

— 0. 0009886 

—0.  OOII5I8 

— 0. 0282181 

—0. 0346847 

—0.  3379 

— 0. 4310 

— 0. 0013426 

-f-0,0019186 

—0. 039794 

+0.055715 

— 0. 4826 

+0. 6645 

4-0. 0013036 

-j-o.  0006601 

+0. 039393 

+0.019050 

+0. 4842 

+0.  2267 

-f-o.  0002004 

-i-0. 0002937 

+0. 005737 

+0. 006654 

+0. 0668 

+C.0488 

-f  0. 0000052 

4  0. 0000486 

-|-o.  000282 

+0. 001044 

+0. 0041 

+0. 0073 

— 0.0000015 

-|-o.  0000047 

— 0. 000012 

+0.0001 1 1 

+0. 0001 

+0. 0007 

•-\-o,  000000234 

— 0.  0000001 1 1 

-|-o.  0000108 

— 0. 0000046 

— 0. 0000019808 

—0.  0000019503 

—0. 0000755 

—0. 0000807 

— 0. 0013 

— 0.0014 

— 0.  00000860 

-f-0. 00001932 

— 0. 0003480 

+0. 0006794 

— 0. 0055 

+0. 0104 

-|-0.  0001 121 

-}-o.  0000099 

+0. 003803 

+0. 000523 

+0. 0543 

+0.0090 

— 0. 0000885 

— 0.  OOO'?00O 

— 0. 002426 

—0.013274 

— 0. 0288 

•--0. 1812 

— 0. 0008504 

-|-o.  0004610 

— 0. 027830 

+0. 014248 

— 0.  3692 

+0.  1 81 2 

+0. 0008799 

-|-o.  0009726 

4-0.  028136 

+0.031559 

+0. 3625 

+0.  41 18 

+0. 0004779 

— 0. 0005308 

-f  0.015439 

— 0.017969 

+0. 2014 

—0.  2430 

-f-o.  0001866 

— 0. 0000712 

-ho.  004959 

— 0. 002484 

+0. 0463 

—0.  0354 

-f-o,  0000302 

-f-o.  0000035 

4-0. 000757 

— 0. 000008 

+0. 0066 

— 0.0015 

-f-o.  0000026 

-f-o,  0000032 

4-0. 000080 

+0. 000029 

— 0.  ocKXJOUoy" 

— 0.  000000344 

— 0.000004 

— 0.000016 

— 0.  0000020 

-|-o.  0000019 

— 0.000108 

+0. 000069 

— 0.0018 

+0. 0012 

-\-o.  0000164 

-f-o.  00001 15 

4-0.000606 

+0. 000468 

+0.0095 

+0.  0077 

-|-U.  OOUO25U 

— 0.  0000075 

4-0. 001082 

— 0.003163 

+0.0176 

— 0.  0470 

— 0. 0002897 

-l-o.  00000^  <; 

—0. 010335 

— 0. 000236 

—0. 1492 

— 0.  0068 

-f-o.  0001682 

-f-o.  0005804 

4-0.005485 

+0. 020559 

+0.0727 

+0.  2907 

-{-0.  0006370 

—0. 0003533 

4-0. 022510 

—0.012355 

+0.3152 

— 0. 1710 

 0.  0001860 

— 0. 0002949 

—0. 007090 

—0.010545 

—0. 1059 

—0. 1499 

—0.  0000139 

— 0. 0001 lOI 

—0. 000743 

—0. 003345 

— 0. 0146 

— 0. 0369 

4-0.  0000062 

— 0.0000175 

4-0.000122 

— 0. 000502 

-|-o.  0000013 

— 0.0000015 

-f-o.  000037 

— 0. 000052 

— 0.  00000047 

-|-o.  00000005 

— 0. 000020 

+0.000001 

1  /-\  /^/■w*t/^/*\Y  A 

-j-0. 0000029 

4-0. 000052 

+0.000128 

+0. 0008 

+0. 0021 

— 0.  ooooi  23 

4-0. 000539 

— 0. 000480 

+0,  OOQ7 

— 0, 007 «; 

— vl. 

— 0. 0000332 

—0. 002394 

— 0. 001405 

—0.0375 

—0. 0234 

— 0.0000390 

-|-o.  0001956 

— 0. 001737 

+0. 007464 

 0,  0291 

+0. 1 140 

-f-o.  0003701 

— 0. 0000240 

4-O.OI4I34 

—  0. 000643 

+0. 2124 

— 0. 0066 

—0. 0001088 

—0.  0003860 

—0.004134 

—0. 014787 

— 0. 0613 

—0.  2210 

— 0. 0001638 

-|-o.  0000463 

— 0. 00645 1 

+0. 002072 

— 0. 0991 

+0. 0308 

— 0. 0000609 

— 0. 0000071 

— 0. 002051 

— 0.000050 

— 0. 0000094 

— 0. 0000059 

— 0. 000295 

— 0. 000159 

— 0. 0000006 

— 0. 0000009 

— 0. 000031 

— 0.000034 
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Arg. 


9f 

A 


i 

*i  — 

5 

^3  — 

7 

00000 jl 

13  — 

Q 
0 

—0.  000000  J 

*3  — 

f\ 

y 

—0.  0000  J  JO 

13  — 

10 

^-0.  0001 220 

*3  — 

-j-o.  0000 J4y 

13  — 

1 2 

— 0. 0002 1 9/ 

*3  — 

^3 

— o.  0000022 

13  — 

14 

— 0.  0000 1 1  y 

15 

— 0.0000045 

14  — 

7 

-J~%Jt  0000004 

14  

g 

 0,  0000002 

y 

— 0.  0000 1 14 

14  

10 

14  

1 1 

-^o*  (jooo^oy 

I A  _ 
14   

1 2 

o.  0001240 

1  A   

I  "5 

14  — 

14 

-j-O.  0000307 

14  — 

f  c 

*5 

-po. 0000132 

14  — 

16 

-f-0. 0000021 

15  — 

Q 

0 

-^0. 0000002 

15  — 

9 

—0.  0000024 

15  — 

10 

^-0,  0000014 

1 1;  — 

-^o»  000023 1 

*5  — 

 0.  000044' 

15  — 

^3 

•^0.  0000474 

15  — 

^-0.  00000^0 

1  c  

-j-o.  000014' 

1  c  

16 

■"^0.  OL^AAJOl 

15- 

17 

+0.  0000020 

16  — 

9 

—0.  0000004 

16  — 

10 

— 0. 0000008 

16  — 

II 

+0. 0000072 

16  — 

12 

— 0.  0000048 

16  — 

13 

— 0.  0000314 

16  — 

14 

-f-0. 0000314 

16  — 

15 

-f-o.  0000230 

16  — 

16 

— 0. 0000052 

16  — 

17 

—0. 0000025 

16  — 

18 

—0.  0000002 

4-0.0000006 
— o.  0000008 
— 0.0000126 
-f-0. 0000410 
-f-o.  0000529 
— o.  0002218 
-f-0. 0000086 
-f-0. 0000835 
+0.00003IS 

-f-0. 0000050 

-f-0. 0000001 
— o.  0000029 
-f-0. 0000044 
-|-o.  0000300 
—0.0000713 
— o.  0000499 
-|-o.  0001 177 
-f-o.  0000139 
-|-o.  0000107 
-|-o.  0000032 

— o.  0000005 
— 0.0000004 
-|-o.  0000094 
— 0.0000122 
— 0.0000421 
-f-0. 000065  s 
-f-o.  0000283 
— 0.0000159 
—o.  0000066 
— 0.0000006 

— o.  0000003 
-|-o.  0000022 
-|-o.  0000001 
— 0.0000182 
-|-o.  0000178 

-1-0.0000347 

— o.  0000274 
— o.  0000092 
— o.  0000051 
—0.0000013 


— 0.00001 
-|-o.  00014 
— o.  00032 
— o.  00147 
-f-o.  00500 
-f-o.  00159 
— o.  00907 
-f-o.  00006 
— o.  00033 
— 0.00013 

-f-0. 00002 
0.00000 
— o.  00052 
-f-o.  00102 
-j-o.  00233 
— o.  00545 
— o.  00105 
-f-o.  00185 
-f-o.  00062 
-f-0. 00008 

-f-0. 00001 
— 0.00012 
-f-o.  00006 
-f-o.  00119 
—0.00175 
— o.  00217 
-f-0. 00280 
-f-o.  00061 
-f-o.  00030 
-f-o.  00008 

— o.  00001 
— o.  00003 
4-0. 00037 

— o.  00022 
— 0.00158 
-f-o.  00156 
-f-o.  00114 
— o.  00032 
— o.  00013 
— 0.00001 


-f-o.  00003 
^-^o.  00003 
— o.  00056 
-f-0. 00165 
-f  o.  00233 
— 0.00910 
-f-o.  00034 
-f-0. 00360 
-j-o.  001 15 
-|-o.  00015 

-f-o.  00001 
—0.00013 
-f-o.  00018 
-|-o.  00137 
— o.  00309 
— o.  00227 
-j-o.  00521 

+0.00055 

-f-0. 00036 
-j-o.  0001 1 

— o.  00001 
— 0.00002 
-j-o.  00045 
— o.  00055 
— o.  00202 
-j-o.  00306 
-j-o.  00132 
— o.  00083 
— o.  00029 
— o.  00002 

— o.  00002 
-f-o.  0001 1 
-f-0. 00002 
— o.  00093 
-j-o.  00085 
-f-0. 00173 
— o.  00132 
— o.  00061 
— o. 00025 
— o.  00007 
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Arg, 

COS. 

Bin. 

Arg. 

COS. 

Bin. 

Arg. 

COS. 

BID, 

*  * 

*  * 

*  % 

0  o 

30. 641 

3—1 

+  6.746 

—  2. 180 

6—  6 

—  4-  450 

-15.528 

0—  I 

—  5-575 

—18.040 

3  —  2 

— 14. 840 

—20.  378 

6-  7 

—  1.528 

—  0.427 

0—  2 

—  2.560 

+  1-525 

3  —  3 

—24-  097 

+33-  09s 

6—  8 

+  0.008 

+  0.082 

0-3 

+  0.  212 

+  0. 247 

3  —  4 

+  5-541 

+  3-  332 

7  —  2 

4-  0.  078 

—  0.  009 

o  — 4 

+  0.017 

—  0.021 

3  —  5 

+  0-  274 

—  0-  593 

—  0.  204 

—  0.  4. 12 

0  — s 

—  0.004 

—  0.001 

3-6 

—  0.054 

—  0.015 

7  —  4 

—  1.658 

+  I.  ^'^7 

1        -  JO/ 

J  +4 

0.000 

+  0.005 

3-7 

0. 000 

+  0.004 

7—5 

+  6. 108 

+  3- 375 

1  +  3 

+  0.049 

—  0.018 

4  +  1 

—  0.014 

—  0.020 

7—  6 

+  2.618 

— 12. 697 

1  +  2 

—  0,280 

—  0.465 

4  0 

—  0. 107 

+  0. 197 

7—  7 

—  II.  012 

+  0-  537 

i+i 

—  3-120 

+  3-019 

4—1 

+  1.573 

+  0.  326 

7—  8 

-  0.  754 

+  0.  729 

J  o 

+19. 869 

+11.485 

4  —  2 

—  0. 826 

-  7.847 

7—  9 

+  0.016 

+  0.017 

J  —  I 

+11.984 

—56. 928 

4—3 

— 21.  229 

+  9-  580 

8   2 

Oi  01 2 

.  1  006 

I  — 2 

—14. 172 

+  0.738 

4  —  4 

+20.  788 

+23-456 

8—  ^ 

-J-  0. 004. 

—  0.  102 

1—3 

+  0-457 

+  1.856 

4-5 

+  3- 194 

—  2.481 

8—  4 

—  0.  i;4i 

H-  0.  121 

1  —  4 

+  0.174 

—  0,072 

4-6 

—  0.  238 

—  0.250 

8-  5 

+  1. 152 

+  1.887 

1-5 

—  0.015 

—  0.014 

4-7 

—  0,017 

+  0.023 

8—  6 

+  3-901 

—  4.  542 

1  —  6 

—  0.002 

+  0.003 

5  0 

—  0.032 

+  0.020 

8—  7 

—  8.949 

—  3-971 

2+3 

+  0.003 

—  O.OII 

5—  I 

+  0.  239 

+  0.211 

8—  8 

—  1-352 

+  7.  163 

2+2 

—  0.004 

—  0.091 

5-2 

+  0.  789 

—  1-775 

8-  9 

+  0. 162 

+  0.  783 

2+1 

—  0.817 

+  0.218 

5-3 

—  8.050 

—  0. 798 

8  —  10 

+  0.  II I 

+  0.026 

2  0 

+  2.932 

+  5- on 

5-4 

+  4-  342 

+  19. 680 

9 —  3 

—J-  0.  01 1 

  ft  ftT  A 

a  — 1 

+16. 904 

—18. 700 

5-5 

+20.  065 

— 11.090 

9—  4 

—  0. 1 1 7 

-  0. 035 

2  —  2 

—46.  222 

—20. 468 

  0  Ca'7 

  2. 426 

9-  5 

+  0.021 

+  0.582 

2—3 

—  2.212 

+  9. 632 

s— 7 

—  0.  223 

+  0.062 

9-  6 

+  1-919 

—  0. 696 

2  —  4 

+  I. 145 

+  0.093 

S-8 

+  0.  010 

+  0.031 

9—  7 

—  2.949 

-  3-907 

2-5 

—  0.004 

—  0. 104 

6—1 

+  0.016 

+  0.050 

9-  8 

—  4. 245 

+  5-  757 

2  —  6 

—  0,006 

+  0.003 

6  —  2 

+  0. 334 

—  0. 243 

9—  9 

+  4. 205 

+  1-925 

3  +  2 

+  0.007 

—  0.013 

6-3 

—  1.768 

—  1.265 

9 —  10 

+  0.610 

+  0. 128 

3+1 

-  0. 144 

—  0.034 

6-4 

—  2. 298 

+  7-387 

9— II 

4  0. 128 

+  0.065 

3  o 

+  0.018 

+  I. 210 

6-S 

+  16.525 

—  0. 135 

CHAPTER  II. 

PERTURBATIONS  OF  JUPITER  AND  SATURN  ARISING  FROM  THEIR  MUTUAL  ACTION  AND  OF  THE 
FIRST  ORDER  WITH  RESPECT  TO  DISTURBING  FORCES. 

The  next  step  in  arriving  at  the  proper  expressions  for  the  forces  which  the 

—J  in  its  final  form,  given  in 
the  preceding  chapter,  severally  by  each  of  the  four  factors 

We  have* 

\ay  2      I  f  4  9 

with  a  similar  equation  for  . 
In  addition  f 

558in(/'  +  7T')=  -f^  sin  77' 

+   I^J^  +  4**]  cos  9' cos  JI' sin     +   |^Ji?*  -  Ji**  J  sin  7J' coa  g* 

+  \  \jf?  +  Ji?']  cos  9'  cos  W  sin  2g'  +  \  [ Ji?*  -  J^f Q  sin  W  cos  2^' 

+  i  [Jj'!  +  Js*n  COS  9/  cos  77'  sin  35^'  +  ^        ~  ^^.v]  sin  77'  cos  3^' 
+  


with  a  similar  expression  for  -  sin  (/+  77). 

The  numerical  expressions  for  these  four  factors  are  (the  logarithms  of  the 
coefficients  are  given) 

"*G)  =     [94746164]  (j^  =  [0.0020422] 

—  2[8. 1564087]  cos  g  —  2[8.7484582]  cos  g* 

—  2[6.2375704]  cos  2g  —  2[6.8947428J  cos  2g* 

—  2[4.6i974io]  cos  Z9  —  2[5*3420289]  cos  3^'  ' 

—  2[3.i2684i6]  cos  4^  —  2[3.9i424ii]  COS  4^ 

-2[2.S5S33i4]  cos  5/ 


^Anseinandersetzang;  Abh.  I,  e.  175. 
t  AxueinandersetznDg,  Abb.  I,  ■.  176. 
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--sin  (/+7I)  = 


+  [8,6965298] 
+  2[9.6o46934]  sin  —  2[9.4702676]  cos  g* 
+  2[8.o520079]  sin  2g'  —  2[7.9i 74682]  cos  2g* 
+  2[6.67538s2]  sin  Z9'  -  2[6.5407886]  cos  z9' 
+  2[5-372S363]  sin  4^7' -  2[5.2379055]  cos  4^' 
+  2[4aio5366]  sin  SP' -  2[3.9758829j  cos  S9* 

—  [8.8188230] 
+  2[9.3i47278]sin  +  2[9.6578903]  cos  g 
+  2[7.6969i9s]  sin  tg  +  2[8.o399977]  cos  zg 
+  2[6.255i8i3]  sin  z9  +  2[6.5982i73]  cos  z9 
+  2[4.8872207]  sin  4^7  +  2[5.23023i3]  cos  ^g 
+  2[3.56oio85]  sin  s^f  +  2[3.903io23]  cos  $g 


The  required  products  are ; 


Arg. 


COS. 

ein. 

COS. 

ein. 

sin. 

COS. 

sin. 

COS. 

-f  0. 6646384 

+2.  20285566 

+0. 096539 

— 0. 139090 

— 0, 10224078 

—0. 09654157 

—0.  1 6606 1 48 

— 0. 14425645 

+0. 652427 

—1.472529 

—0.  890963 

+2.021227 

— 0. 00359271 

+0. 00729372 

—0. 00584431 

+0. 01027942 

+0. 092267 

+0. 044090 

— 0. 142260 

— 0. 075960 

+0. 00037990 

-f  0.00012406 

+0. 00050293 

+0. 00024342 

—0. 002049 

+0. 003890 

+0. 003572 

— 0. 006580 

+0. 00000398 

— 0. 00001827 

+0.  00000947 

— 0. 000023  ^  ^ 

— 0. 000137 

— 0. 000129 

+0. 000233 

+0. 000204 

— 0. 00000072 

— 0. 00000007 

— 0.  00000066 

— 0. 00000021 

—0. 00000066 

+0. 00000240 

— 0. 00000051 

+0. 00000398 

+0. 00004553 

-|-o.  00001 192 

+0.  00006269 

+0. 00000476 

+0. 000439 

+0. 000255 

— 0. 000732 

— 0. 000421 

+0. 00006254 

—0. 00095698 

— 0.  00002512 

— 0. 00134143 

—0. 006697 

+0. 009449 

+0. 010197 

— O.OI537I 

—0.01753370 

+0.00317476 

— 0. 02618290 

+0. 00508023 

--0. 1 63541 

—0. 133286 

+0.  235056 

+0. 192100 

+0. 1 48666 1 6 

-|-o.  15018589 

+0.  27948671 

+0. 34932553 

+1.  778166 

—I.  266003 

— 1.318411 

+0. 910778 

+0. 19097831 

—0. 95485704 

+0. 64I38I8I 

—3-15251634 

— 0. 159202 

— 0. 154638 

+0.  224895 

+0.  204201 

—  0. 05391969 

+0.04178008 

-0.03958295 

+0. 03481677 

+1.029740 

+0. 222978 

-1.579388 

— 0. 341385 

+0.00233553 

+0. 00269350 

+0. 00466646 

+0.00371574 

+0.011210 

+0. 048408 

-0. 01 3547 

— 0. 078501 

+0. 00010439 

—0. 0001 1490 

+0. 00024243 

—0. 00014058 

— 0. 001063 

+0.000140 

+0.001990 

—0.000163 

— 0. 00000614 

— 0. 00000384 

— 0. 00000325 

—0. 00000596 

+0. 000065 

— 0. 000057 

— 0. 000087 

+0. 000093 

—0.00000017 

+0. 00000035 

—0.00000009 

+0. 00000044 

— 0. 00000054 

+0. 00000019 

— 0. 00000144 

+0. 00000022 

+0. 00000410 

+0, 00000342 

+0. 00000596 

+0. 00000385 

— 0. 000097 

+0.  OOOOOI 

+0.00006102 

— 0. 00009392 

+0. 00007165 

— 0. 00013682 

—0.000139 

+0.001320 

+0.000186 

— 0. 002105 

— 0. 00204003 

—0. 00078227 

— 0. 00295369 

—0. 00103270 

-0. 025483 

—0. 005037 

+0.037735 

+0. 007827 

+0. 00382420 

+0.03034997 

+0. 00212295 

+0. 05624290 

+0. 160407 

—0.328034 

-0. 159335 

+0.  309261 

+0. 17342674 

—0. 14490556 

+0. 44903301 

— 0. 34483157 

+1. 144372 

+1.070503 

-0.  723589 

— 0. 709105 

—0.  58491034 

— 0. 24561672 

—1. 91960384 

—0. 82112372 

+0.  206918 

— 0. 144719 

— 0.  277128 

+0.  21 1746 

+0.01 1 75029 

+0. 02297816 

— 0. 01074537 

—0. 02364232 

— 0. 002108 

+0. 65 135 1 

+0. 004800 

— I.050IOI 

+0.00156295 

-:-0.  00052038 

+0. 00225773 

—0. 00356737 

— 0.016195 

+0. 026941 

+0. 027428 

— 0. 042361 

—0.00001728 

— 0.  00005498 

+0. 00002732 

— 0. 00022913 

—0. 000033 

+0. 000521 

+0. 0001 13 

— 0. 000727 

— 0. 00000209 

+0. 0000019 1 

+0. 00000010 

—0. 00000522 

+0. 000044 

+0. 000065 

— 0. 000071 

— 0. 000100 

+0.0000001 1 

0.00000000 

+0. 00000029 

— 0. 00000052 

I'  t 
o  o 

0  —  I 

O—  2 

0—3 
0—4 

0-  5 

1+4 

1  +  3 
1  +  2 

i  +  i 
I  o 

I  —  2 

1-  3 

1  —4 

1-5 

1—  6 

2  +  4 

2  +  3 
2  +  2 
2+1 
2  o 

2 —  I 
2  —  2 

2-3 
2  —  4 

2-5 
2-6 

2  —  7 
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Arg. 


%'  t 

3+  3 

3+  2 

3+  I 

3  o 
3-  I 
3-  2 
3—  3 
3—  4 
3-  5 
3-  6 

3—  7 

4+  2 

4+  I 

4  o 

4—  I 
4—  2 
4—  3 
4—  4 
4-  S 
4-  6 
4-  7 

4-  8 

5+  I 

5  o 

5—  I 

5-  3 

5-  4 

5—  5 

5-  6 

5-  7 

S-  8 

5-  9 

6  o 

6—  I 
6-  2 
6-  3 
6-  4 

6-  S 

6-  6 

6-  7 

6-  8 

6-  9 
6  —  lo 


COS. 


-f  O.  00000020 

-f-0. 00001141 
—0.00016372 
— 0.00186708 

+0. 03915569 

— o.  10336968 
— o.  22156586 
+0. 00501813 
— o.  00009853 
— o.  00002422 
-f-o.  00000092 

-|-o.  00000143 
— o.  00000491 
— o.  00045076 
-f-o.  00507472 

+0. 00253344 

— o.  14326266 
+0. 16040847 
-1-0. 00040331 

— o. 00048955 
— o.  00001948 
— o.  00000244 

-f-o.  000001 18 
— o.  00006421 
-f-o.  00034972 
-f-o.  00440850 
—o-  03733148 
-f-o.  02138719 
-ho.  1 1594525 

+0. 00543316 

-f-o.  00016122 
-f-o.  00000202 
— o.  00000024 

— o.  0000065 
— 0.0000154 
-1-0. 001063053 

— o.  0053004 
—o.  01 1 8680 

+0.0769855 

— o. 0246439 
-f-o.  0016248 

+0. 0003435 

-f-o.  0000245 
-f-o.  0000032 


eiD. 


-f-o.  00000056 
o. 00000609 
— o.  00020324 
-ho.  00365057 
— o.  00222274 
— o.  16849363 
-f-o.  32232369 
— o.  00130270 
— o.  00082735 
— o.  00001228 
-f-o.  00000016 

o.  00000000 
— o.  00003014 
-f-o.  00026387 
-f-o.  00312773 
—0.04124030 

+0.05695325 

-f-o.  16908990 
-f-o.  00313047 
-f-o.  00010905 
-f-o.  00001 147 
-|-o.  0000001 1 

— o.  00000330 
-0.00000133 

-f-o.  00075972 
— o.  00567722 
— o. 00796436 
-f-o.  10968672 
— o.  07019864 

+0.00055559 
-1-0. 00037740 

-|-o.  00002314 
-f-o.  00000050 

— o.  0000040 
-f-o.  0001 100 

— 0.00035653S 

—o.  0054027 
-f-o.  02991  n 
-f-o.  0001624 
— o.  0732984 
— o.  0049578 
— 0.0001575 
— o.  0000012 
-f-o.  000001 1 


COS. 


-f-o.  00000037 
-f-o.  00001456 
— o.  00023885 
— o.  00353956 
-f-o.  08428652 
— o.  27004696 
— o.  73682965 
— o.  04931858 
— o.  00352623 
—0.00021055 
— o.  00000682 

-f-o.  00000182 
— o.  00000857 
— o.  00072831 
-f-o.  00940728 
-ho.  00977433 
— o. 40867444 

+0.51593778 

-ho.  00384834 
— o.  00213220 
—0,00019125 
— o.  000020 

-ho.  00000128 
— o.  00009593 
-ho.  00053616 
-ho. 01004694 
— o. 09376594 

+0. 05795719 

-ho.  38068179 
-ho.  0414448 
-ho.  0025756 
-ho.  000106 
-ho.  000002 

— o.  0000092 
— o.  0000375 
002I43I8 
01 1 7489 

0329458 

2283160 
0746870 
0103000 
0023028 
0002239 
0000226 


+0. 


+0. 

— o. 

+0. 
+0. 
+0. 
+0. 


-ho.  00000066 


ooooo9S8_  |j-o.  000065 

002959 
002715 

375924 
5I5I84 
142585 
379900 

024540 
000948 


— o.  00027297 
-ho. 00589773 
-ho.  00028893 
— o.  46331603 

-hi.  04910933 
-ho.01371360 
—0.00192573 
—0.00012873 
— o.  00000892 


— o.  00000021 
— o.  00004059 
-ho.  00037805 
-ho.  00669380 
— o.  09745652 

+0. 15495361 
+0. 55897005 

-ho.  05099580 
-ho,  00324705 
-ho.  00017428 
-ho.  000008 

— o.  00000449 
— o.  00000545 
-ho. 00139932 
— O.OII6S643 
— o.  02265121 
-ho.  32034193 
— o.  22146658 
-ho.  0054077 
+0. 0023371 

-ho.  000223 
-ho.  000015 

— o.  0000058 
-ho.  0001833 
— o. 00058631 
— o.  01 28985 

+0. 0783205 

-ho.  0034555 
— o.  2387583 
— o.  0290922 
— 0.0017425 
— o.  0000548 
-ho.  0000042 


+0. 

— o. 

+0. 


-ho.  000141 
-ho.  000917 
— o.  050285 
-ho.  099078 
-ho.  848304 
-ho.  1 84461 
-ho,  082387 
-ho.  002047 
-ho.  000551 


-  o,  000249 
— o.  003442 
-ho.  064903 
— o. 019066 
-o.  557465 
— o.  132922 
— o. 095862 
— o.  009616 
— o. 000969 
— o. 000080 

— o. 000696 
-ho.  007133 
+0. 030550 

— o.  252613 

+0. 036543 

— o.  1 12988 
-ho.  101 134 
-ho.  009132 
-ho.  000356 
-ho.  000007 

— 0.000095 
-ho.  000375 
-ho. 009983 
— o.  051937 
— o.  063277 
-ho.  182241 
-ho,  040547 
-ho.  057162 
-ho.  009136 
-ho. 000922 
-ho. 000075 


+0. 

— o, 
— o, 

+0, 

— o 

+0, 


— o, 


000267 
005424 
016600 

333559 
I92I50 
132894 
204872 
016660 
000748 
000034 


0. 000369 
0. 006858 
-ho.  063918 
-ho,  037606 

3-  333149 

— o.  081 190 
X 080101 
X  010846 

3.  001060 

— o.  000089 

-ho,  000001 
3.001292 
-ho.  007019 
-ho.  039058 
— o.  1 6974 1 

3.  022776 
3.  088585 

-ho.  044418 

+0.003838 

+0. 000024 
— o.  000025 


000097 
+0. 004484 
+0.001 175 

— o.  29761 1 
+0. 32III6 
210273 

+0. 631353 
+0.040371 
+0.001542 
+0. 000096 

+0. 000393 
+0. 003869 

059831 

+0.018700 
+0.  301 129 
+0. 174298 

+0. 159746 
+0.016037 
+0. 001616 
+0. 000144 

+0. 000866 
007490 
— o.  023671 
+0. 1 694 14 
021647 
+0. 1 635 1 6 
— o.  175942 

015734 

— o.  000625 
000009 

+0.000127 
— o.  000480 
008794 
+0. 039831 
+0. 037431 

1. 075963 
1. 050329 
1. 098086 
'.015783 

.001590 
.000128 
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Arg. 


8- 
8- 
8- 
8- 
8- 
8- 
8- 
8- 
8- 
8- 
8- 
8- 

9- 
9- 
9- 
9- 
9- 
9- 
9- 
9- 
9  • 
9- 
9- 

lO- 
10- 
10- 
lO  - 
10- 
lO- 
10- 
10- 
10- 
lO- 


2 

3 

■  4 

■  5 
6 

7 

8 

9 

lO 

II 

12 

2 

■  3 
4 

•  S 
6 

'  7 

-  8 

-  9 

-  10 

-  II 

-  12 

-  3 

-  4 

•  5 

-  6 

-  7 

-  8 

-  9 

-  10 

-  II 

-  12 


COB. 

sin. 

COB. 

sin. 

Bin. 

COS. 

Bin. 

COB. 

—0. 0000005 

— — u.  ouoouuo 

— 0. 0000091 

-\-o.  0000108 

— 0. 00001 53 

-J-O.  0000  lUO 

—0.  oouu^z 

^—0.  DUO  1  y  Z 

-j-o.  000030 

+0. 000201 

-fo.  0001574 

-j-o.  0000405 

_Lft  rmiXeX 

-J-ft  ftrtftT*77 

-j-o.  0001/ J 

—ft  /v^iRftji 
—0.  UUIOU4 

 0.  OUUZ43 

— 0. 0002561 

— 0. 0012874 

— 0. 0004222 

— 0. 0027746 

—0. 005250 

+0.01 1 804 

+0.  00461 1 

 0.  009643 

—0. 0058602 

+0. 0041990 

— 0. 0145296 

+0.  0097964 

—0. 040593 

— 0. 035851 

+0. 028230 

+0. 026086 

-l-o.  0214993 

-|-o.  0134218 

+0.  0580492 

+0.0375619 

+0.  102594 

— 0. 065760 

— 0. 06 II 25 

+0.038835 

-1-0.0110324 

— 0. 0500209 

+0.  0354100 

— 0. 1498052 

+0.035375 

+0.  090744 

— 0. 013879 

—0. 028417 

— 0. 0432461 

-|-o.  0042664 

—0.  1394246 

+0.0100710 

+0.  063106 

+0.015946 

—0. 089666 

—0.015636 

—0. 0035723 

— 0. 0021057 

— 0. 0181881 

— 0. 01 1 2840 

—0.015975 

+0.  036724 

+0. 03007S 

—0. 063868 

— 0. 0001067 

—0.0003143 

—0. 0009675 

— 0. 0020323 

—0.  000775 

+0.006593 

+O.OOI48I 

—0. 01 1 523 

+0. 0000053 

— 0. 0000260 

-f  0.0000061 

— 0. 0002046 

+0,  000188 

+0.  000681 

—0. 000301 

— 0.  001198 

-f  0. 000001 1 

— 0. 0000017 

+0. 0000070 

—0.0000156 

+0.  000037 

+0.  000054 

—0.000067 

— 0. 000093 

——0.  OOOOOIO 

-|-0.  tXAXJOU^ 

U.  mAAAi/*j 

ft  nrtcww^ 

'      (J.  KAJKJKJ^ 

 ft  ftftftft^ 

-[-o.  0000152 

-j-o.  OOOOIUj 

— |-(J.  (JtXXJZ^U 

— Lft  ftftrtrt^ftt 

— 1-0.  UULUJ^Ol 

J_ft  rw\'> ji 
-j-o.  OUOZ4 

— 0.  0001  I 

——0.  oouzu 

-j-o.  00010 

-j-w.  tmmjyuu 

 ft  oooi'7q6 

-l-O  ftftft51 

+0. 00221 

—0.  0001 2 

—ft  nninX 

— 0. 0013823 

-|-o.  0000713 

— 0. 0031357 

+  0.  0000484 

-^.01198 

—0. 00269 

+0.  0002*^ 

+0. 00232 

+0.  0027912 

+0.0057178 

+0.  0067270 

+0.  0146239  * 

+0. 02084 

— 0. 03661 

-0.01457 

+0.  02435 

-|-o.  0129004 

—0.0139732 

+0.0364325 

—0.0384313 

+0.05677 

+0.05485 

—0. 03057 

— 0. 03146 

— 0. 0301808 

— O.OI3IOI4 

—0. 0908832 

 0.0410126 

— 0. 03994 

+0. 02974 

+0, 00548 

— 0. 00895 

— 0. 0032098 

-f  0.  0238263 

—0.012682 

+0.075973 

—0.00189 

— 0. 04217 

—0. 00107 

— 0. 05887 

— 0. 0020423 

-|-o.  0021910 

— 0. 009922 

+0.  OIOI58 

— 0. 02164 

—0. 00326 

+0. 03826 

+0.00739 

— 0. 0002706 

-fo.  0000423 

—0.001633 

+  0.000375 

—0. 00425 

+0. 00066 

+0. 00752 

— 0. 00104 

— 0. 0000213 

— 0. 0000089 

— 0. 000160 

— 0. 000043 

-0.00044 

+0. 00026 

+0. 00079 

— 0.00045 

— 0.0000010 

— 0.  OOO0OI5 

—0, 00001 1 

— 0.000010 

+0. 00005 

— 0. 00007 
• 

-j-o.  0000007 

-|-o.  (Xaxajz9 

-^0.  UUUUUU9 

_l_ft   tWWSA  R 
-j-o.  OUOUOi^O 

_l_ft  ^vw^*? 

— |-o.  ooouz 

 ft  ftftftfti 

-j-o.  0000249 

—0.  OUOOlol 

-J-O.  000049^ 

—0.  UUUO^iU 

-j— 0.  ouuzo 

— 0.  000 1 0 

 0.  00028 

— 0. 0002080 

— 0. 0001 179 

— 0. 0004329 

— 0. 0002698 

— 0. 00226 

+0. 00067 

+0. 00190 

— 0. 00050 

— 0.0001434 

-f-o.  0013382 

—0.  0004333 

+0. 003I6I4 

+0. 00022 

— 0.  01076 

—0. 00035 

+0.00791 

-f-o.  0050898 

— 0. 0014450 

+0.0133486 

— 0.  0035 1 12 

+0. 02965 

+0.  00942 

— O.OI89I 

—0. 00646 

— 0. 0080781 

—0.01 10583 

— 0. 0224950 

— 0. 0317272 

—0.  02622 

+0. 04170 

+0.01377 

— 0. 02153 

— 0. 0120336 

+0. 0168420 

—0.037508 

+0.050795 

— 0.01982 

—0. 01454 

+0. 00313 

—0.00321 

+O.OI2243I 

-f  0.0047938 

+0. 038433 

+0.016733 

—0.  02633 

+0. 00438 

+0. 03628 

—0. 00844 

-I-O.OOII494 

+0.0016872 

+0. 004953 

+0.  007662 

—0. 00147 

— 0. 01 174 

+0.00143 

+0.  021 2 1 

— 0.0000046 

+0. 0002109 

+0. 000019 

+0.001 196 

— 0.  001 10 

— 0. 00248 

+0.00186 

+0. 00446 

— 0. 0000087 

+0. 0000169 

— 0. 000052 

+O.OOOII5 

— 0. 00026 

— 0. 00025 

+0. 00045 

+0. 00046 

-J-O.  0000044 

—0.  0000003 

-|-o.  0000079 

—0.  0000002 

+0.  00005 

-pO.  ouuuz 

—0.0000184 

—0. 0000337 

—0. 0000342 

— 0. 0000700 

— 0. 00028 

+0.  00029 

+0. 00026 

—0. 00025 

— 0.0001567 

+0. 0001985 

—0. 0003664 

+0.0004318 

—0.00107 

— 0. 00202 

+0. 00080 

+0. 00162 

-1-0.0011787 

+0. 0003340 

+0. 002876 

+0. 000893 

+0.00873 

— 0.00162 

— 0. 00616 

+0.00099 

— 0. 0003842 

—0.0041766 

—0. 000836 

— 0.  on  183 

— 0.00212 

+0. 02192 

+0.00155 

—0.01344 

—0. 0086730 

+0.0039907 

— 0. 025138 

+0. 01 1 146 

—0. 02833 

—0. 00983 

+0.01355 

+0. 00458 

-1-0. 0085693 

+0. 0094695 

+0. 025762 

+0. 029474 

+0. 00330 

— O.OII2I 

+0. 00502 

—0. 00086 

-1-0.0041353 

— 0. 0057791 

+0.013920 

—0.017735 

— 0. 00614 

—0.01534 

+0. 00992 

+0. 02083 

-I-O.OOI242I 

— 0. 0004888 

+0.005366 

— 0.001951 

+0. 00582 

— 0. 00254 

— 0.01083 

+0.00379 

-f  0.0001508 

+0. 0000358 

+0. 000809 

+0. 000168 

+0. 00129 

— 0. 00105 

— 0. 00242 

+0. 00179 

MUTUAL  PERTURBATIONS  OF  THE  FIRST  ORDER. 
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Arg. 


t' 

II  - 

II  - 
II  - 
II  - 
II  - 
II  - 

11  - 

12- 
12- 
12- 
12- 
12- 
12- 

12  - 
12- 


-f  o.  0000002 
— o.  0000410 
-f-o.  0001686 
+0. 000461 1 
— o.  0031808 
+0. 0014625 
+0. 0067393 
— o.  0024282 
— o.  0001255 

— o.  000007 
-f  o.  000008 
-f  o.  000194 
— o.  000699 
— o.  000686 
-|-o.  004300 

—0.001344 

— o.  001838 


— o.  0000059 
-f  o.  0000146 
-f  0.0001838 
— o.  0009502 
— o.  0003171 

+0. 006315 1 

— o.  0038281 
— o. 0029259 
—0.0008371 

— o.  000002 
-f  o.  000045 
— 0.000126 
— o.  000519 
-|-o.  002258 
— o.  000088 
— o.  004433 
-|-o.  000830 


-\-o.  000001 
— o. 000089 
-f  o.  000380 
-1-O.OOI2I7 
— o.  008660 
-f  o.  004001 
-fo.  020951 
— o.  0071 7 1 
— o.  000410 

— 0.000014 
-|-o.  000015 
-j-o.  000476 
—0.001785 
— o.  001993 
-f  o.  012646 
—0.003837 
— o.  006034 


— 0.000012 
-f  o.  000028^ 
-fo.  000440 
— o.  002379 

— 0.001002 

-|-o.  018454 
— o.  01 1377 
— o.  009626 
— o.  003438 

— 0.000004 

-fO.OOOIOI 

— o.  000294 
— o.  001380 
-f  o.  006230 
— o.  000076 

—0.013705 
-|-o.  001897 


(|7^ein(/'+n') 


sin. 


0.0000 
— o.  0004 
+0.0016 
-\-o.  0026 
—0.0150 
-f  o.  0018 

+0. 0054 

-|-o.  0082 
-f  o.  0023 

— 0.0001 
-f  o.  0002 
-fo.  0014 
—0.0046 
— o.  0034 
-I-O.OI30 
— o.  0004 
-|-o.  0008 


COS. 


-l-o.oooi 
— o.  0002 
— 0.0013 
-l-o.  0064 
-|-o.  0018 
— o.  0178 
— o.  0008 

—0.0055 

-|-o.  0024 

0.0000 
— 0.0004 
-fo.  0012 

+0. 0031 
— o.  0106 
— 0.0009 
-fo.  0061 
-|-o.  0012 


ein. 


0.0000 
+0.0003 

— 0.0012 

— 0.0017 
+0. 0088 
— o.  0005 
+0. 0028 

— O.OIIO 

— o.  0034 

— 0.0001 
— o.  0010 
+0. 0029 
+0.0018 
— o.  0038 
— o.  0027 
— 0.0060 


— 0.0001 
+0. 0002 

+0.0010 

— 0.0044 
— 0.0009 
+0. 0077 
+0. 0041 
+0. 0087 
— 0.0052 

+0.0003 

—0.0008 
— 0.0019 

+0.0053 

+0.0009 
+0. 0032 
—0.0043 


In  order  to  get  the  developments  of  the  disturbing  forces  it  is  necessary  to  have  the 
expressions  for  the  action  of  each  disturbing  planet  on  the  Sun.  In  the  case  of  Jupi- 
ter disturbed  by  Saturn  this  is  proportional  to  the  function  a'  paH,  and,  in  the  case  of 

r' 

Saturn  disturbed  by  Jupiter,  to  the  function  a'^H  (the  signification  of  H  has  been 
given,  page  22).  To  obtain  the  periodic  developments  of  these  quantities  in  terms  of 
the  mean  anomalies  of  the  two  planets  we  employ  some  of  the  auxiliary  constants  of 
page  22,  as  well  as  the  Besselian  functions.    We  compute* 


Ti  =  ah  cos  K 


hi  =  -v  cos  V 
2 

P.=i[jL'-"_jr"] 
p/=i[j|r'>*j|.+'>] 

notice  being  taken  that 

Po  =  —  36  Qo  =  o 

Then 

a'^H  =      [hF,F/  ±  ftiQ,Q/]  cos  (± 
^'S^  =  ^  5  ['^P'^*''  =t  AxQ*Q/]  cos  (±  i^g' 


I  =  -p  cos  P 

2 

T  I  .  „ 

h  —  ^  sin  V 


Q,  =  j[jp+J$r"] 
Q/='[j|-"+J|^"] 


Q«'=o 


ig)  -      [iQ,P/  ±  i,P,Q/]  sin  (±  i'g'  -  t^) 
±  ^iPA']  sin  (±  i'g'-  ig) 


in  which  one  attributes  all  positive  integral  values  to  *  and  i',  and  takes  the  double 
sign  in  both  significations. 

''Auseinandersetzang,  Abh.  I,  s.  177,  and  Qegenseitige  StSrungen  des  Japiter  and  Satarn,  a,  46, 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 

The  numerical  values  being  substituted,  we  have 

log =9.0480387  log  ?  =9.7266962 

log  hi  =  9.0472930  log  li  =  9.7264665 


logPo 

=  9.i6o5S35n 

log  Po' 

9.2257502n 

log  Pi 

=  9.9996208 

log  Qi 

=  9.9998736 

log  P,' 

9.9994880 

log  Qi'  = 

9.9998294 

10gP2 

=  8.3817282 

log  Q2 

=  8.3820653 

log  P2' 

8.4466886 

log  Q2'  = 

8.4471439 

log  P3 

=  6.9399478 

log  Q3 

=  6.9403271 

log  P3' 

7.0700090 

log  Q3'  = 

7.0705212 

log  P4 

=  5.5719618 

log  Q4 

=  5.5723665 

log  P4' 

5.7671259 

log  Q4'  = 

5.7676723 

logPs 

=  4,2448328 

log  Q5 

=  4.2452543 

log  P5' 

4.5051033 

log  Q5'  = 

4.5056725 

log  Pfi 

=  2-9437 

log  Qe 

=  2.9441 

log  Pfi' 

3.2690 

log  Qs'  = 

3.2696 

—a' 

—a 

Arg. 

COS. 

ein. 

COS. 

sin. 

i'  i 

I  0 

-1-0. 00807  ^28 

— 0.  o"?8?ii8i 

2  0 

-f  0. 00090430 

—0. 0043I7I2 

3  0 

-|-o.  00008547 

— 0. 00040808 

4  0 

-f-o.  00000756 

—0. 00003612 

S  0 

-|-o.  00000065 

— 0. 00000309 

6  0 

+0. 00000005 

—0. 00000026 

_3  _  I 

-^0. 00000003 

— 0. 00000019 

-|-o.  00000002 

— 0.00000013 

—  2  —  I 

— 0.  00000054 

-|-o.  00000187 

— 0. 00000083 

4-0,  00000288 

—  I  —  I 

— 0. 00001944 

~\-o.  00000044 

— 0.0001 1995 

4-0. 00053340 

0  —  I 

4-0. 05790623 

— 0. 27646210 

 *Jt  00/7*09*^ 

~r3' 25340520 

2  —  I 

— 0.01248502 

-|-o.  05960803 

— 0. 01926083 

4-0.  oqiQ?8lO 

3—  I 

— 0.001I80IO 

-|-o.  00563425 

— 0. 00080914 

4-0.  oo'?86^M 

4—1 

— 0. 00010445 

-|-o.  00049871 

— 0. 00004029 

4-0. 000102^4 

5  _  I 

— 0. 00000893 

-|-o.  00004262 

— 0. 00000220 

4-0. 00001052 

6—1 

— 0. 00000075 

+0. 00000356 

— 0. 00000013 

-f-o.  00000061 

7  —  1 

— 0. 00000006 

-fo.  00000030 

— 0. 00000001 

4-0. 00000004 

—  3-2 

4-0. 00000001 

4-0. 00000002 

—  2 —  2 

-|-o.  00000002 

-f-o.  00000018 

4-0.00000010 

4-0. 000001 14 

—  I  —  2 

— 0. 00000021 

4-0. 00000333 

— 0. 00000513 

4-0. 00008217 

0 —  2 

4-0. 00558332 

— 0. 02666167 

I  —  2 

— 0. 00268671 

4-0.01282735 

— 0. 0663 1 73 1 

4-0. 31662297 

2  —  2 

— 0. 00030098 

-f  0. 00143699 

— 0.00185731 

4-0. 00886747 

3  —  2 

— 0, 00002845 

+0. 00013583 

—0. 00007803 

-ho. 00037253 

4  —  2 

— 0. 000002518 

-|-o.  000012023 

— 0. 000003885 

4-0. 000018548 

5-2 

— 0. 0000002152 

4-0. 0000010276 

— 0. 0000002125 

4-0.0000010145 

6—2 

—0. 0000000180 

4-0. 0000000859 

— 0.00000001 

4-0. 00000006 

-2-3 

4-0. 00000001 

4-0, 00000010 

—  I  -3 

0.00000000 

4-0.00000014 

— 0.00000016 

-f-o.  00000794 

0—3 

4-0. 00045426 

— 0. 00216936 

1—3 

— 0.00009715 

-|-o.  00046385 

-0. 00539573 

4-0. 025761 17 

2  —  3 

— 0. 00001088 

-j-o.  00005196 

— 0.00015112 

4-0, 00072147 

3  —  3 

— 0. 00000103 

+0. 00000491 

—0. 00000635 

4-0. 00003031 

4  —  3 

— 0. 00000009 

-f  0. 00000043 

— 0.00000032 

-f-o.  0000015 1 

5-3 

— 0. 000000008 

-f  0. 000000037 

— 0. 00000002 

4-0. 00000008 
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Arg. 

COS. 

sin. 

COS. 

sin. 

—  2  —  4 

0.00000000 

-i-o.  OOOOOOOI 

—  1—4 

^  0.^0000000 

+0. 00000053 

0  —  4 

-|-o.  00003461 

— 0. 00016530 

I  —4 

—0.  OOOCX34I6 

-fo.  00001988 

— 0.00041  II I 

+0. 00196280 

2—4 

— 0.00000047 

-j-o.  00000223 

— 0. 00001 15 1 

+0. 00005497 

3  —  4 

— 0.00000004 

-j-o.  00000021 

— 0.  00000040 

-{-0. 00000231 

4  —  4 

 0.  00000002 

-j-o.  00000009 

—  I  —  5 

0.00000000 

-f  0.00000004 

0 —  5 

-|-o.  00000255 

— 0. 00001216 

I  — 5 

— 0. 00000020 

+0. 00000094 

—0. 00003025 

-j-o.  00014440 

2  —  5 

— 0.00000002 

-fo.  00000010 

—0. 00000085 

^  -1-0.00000404 

3  —  5 

— 0. 00000003 

-j-o.  00000013 

0-6 

-j-o.  00000018 

—0. 00000088 

1-6 

— 0. 00000218 

-f  0. 00001040 

2  —  6 

— 0. 00000006 

-f  0. 00000029 

include  in  the  disturbing  forces  perpendicular  to  the  planes  of  the  orbits,  respectively 
in  the  motions  of  Jupiter  and  Saturn,  terms  which  are  proportional  to 

-(pJsinCT  +  TJOand^^^ysin  (/+  77) 

We  have* 

(^^Jsin  (/+  n)  =      [jf  +  Jf  J  cos  <p  cos  U  sin  g+  I^J^-  Ji'^J  sin  27  cos  g 

+  2  ^J['^+  J*'> J  cos  <p  cos  77  sin  2g  +  2  |^J*'^_  J^'Q  sin  77 cos  2g 

+  3  J  <50S  (p  cos  n  sin  39  +  3  ^s*'^  sin  U  cos  3^ 

+  

with  a  similar  formula  for  (jr^  sin  +n').  The  numerical  values  being  substituted, 
we  get : 


-(-^;)'8in  (/+J7') 

-^(f)%in(/+iT) 

A.rg. 

sin. 

COS. 

sin. 

COS. 

i 

i 

I  0 

—0. 804866 

-f-o.  590606 

0 —  I 

+2. 547437 

—5-613916 

2  0 

— 0. 090177 

-f-o.  066154 

0—  2 

+0. 245672 

— 0. 541294 

3  0 

— 0. 008524 

-fo.  006253 

0-3 

-|-o.  019989 

—0. 044039 

4  0 

—0. 000755 

-f  0. 000554 

0—4 

H-o.  001523 

—0.003355 

5  0 

— 0. 000064 

-f-o.  000047 

0-5 

-j-o.  0001 12 

— 0. 000247 

6  0 

—0. 000005 

-|-o.  000004 

0  —  6 

-fo.  000008 

—0. 000018 

25  AST- 
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Certain  factors  dependent  upon  the  masses  are  here  necessary.    We  put 


m'  a 
^    I  +  m  a 


,_  m 
^     I  +  m'  a' 


These  factors  being  expressed  in  seconds  of  arc  by  multiplying  by  the  radius  in 
seconds,  we  have  for  Jupiter 

log  fx  =  1.5063000  log  {pia  sin  J)  =  9.5836560 

and  for  Saturn 

log        2,2938045  log  {fA'a  sin  J)  =  0.3711605 

For  Jupiter,  then,  we  compute  the  three  functions 

and  for  Saturn  the  three  functions 

a(Q'=;.'[^-a'jH] 

=  /^'^  sin  J [-  (0  %in  (/+  21)  +  i3(?)'  sin  (/+  27)] 

The  quantities  afl  and  a'il'  are,  moreover,  differentiated  severally  with  respect 
to  g  and       For  Jupiter  the  three  functions  are : 


Arg. 


i'  < 

0  o 

O—  I 

O —  2 

o-  3 

0—  4 

1+  4 

1+  3 

1+  2 

1  o 
I  —  I 
I  —  2 

I  —  3 

1—  4 

I-  5 


d  


sin. 


— o,  3080771 
—0.016795 
4-0. 000486 
+0. 000037 

— o.  000077 
+0. 000975 
+0.034578 

+a  448653 
+0, 239298 
+0, 029583 
+0, 002 18 1 
+0. 000109 


cos. 


+0, 1 681 294 
—0,017801 
— 0.001 147 

— 0.000001 

— o. 000071 
— o.  002108 
+0. 005301 

+2.408872 

— o. 292616 
— o. 029277 
— o.  001338 
— o.  000077 


COS. 


+7. 174462 

— o.  8698000 
— o.  031923 
+0. 001893 
+0. 000083 

+0.  000002 

+0. 000262 
—0.001 173 
— o.  1 22401 

+1.338747 
+1.637557 

+0. 040867 
+0. 027787 
+0.001742 
+0. 000026 


SIB. 


— o.  6813978 

+0.  043448 
+0.00155 1 

— o.  000078 

+0. 000025 
— 0.0001 10 
— o.  000580 

+0.023759 
+1. 182548 

—8. 443179 

+0.432481 
+0. 033842 
+0. 000378 
+0.000004 


dZ 


sin. 


+0. 2501428 
+0.035375 
— o.  00079 
— o.  00005 

+0. 00017 
— o.  00257 
— o.  06270 

+0.373^ 

— o. 06104 

+0. 39480 
+0. 00430 
—0.00041 
+0. 00002 


COS. 


+0. 037014 
—0-5645727 

+0. 016904 
+0. 00149 
— 0. 00005 

+0.00010 
+0. 00362 
~o.  051 10 
— o.  25895 
— o. 05929 

+0.08549 

+0. 01856 
+0. 00005 
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Arc. 

dg 

dr 

dZ 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

t 

// 

// 

// 

3  + 

4 

—  0.000014 

0.000000 

2  + 

3 

4-  0.000029 

4^0.  000007 

2  + 

2 

-|-  o.oocx)o6 

— 0. 000216 

4-  0.000173 

0.  000643 

— 0. 00005 

4-0. 00051 

2  + 

I 

~\-  0. 003 1 80 

— 0, 000D07 

—  0.013093 

0.  003764 

— 0. 00977 

— 0. 00193 

2 

0 

—  0. 02S860 

+ 

0. 187790 

4-0. 02692 

—0. 10041 

2  — 

I 

4-  I.  239251  . 

— 0. 065572 

+  3-  200897 

0.371312 

+0. 43S75 

4-0.41043 

2  — 

2 

— 15. 027048  ^ 

-|-o.  407210 

—  17.  DO9445 

7. 546567 

4-0. 07933 

—0. 05549 

2  — 

3 

—  0. 601705 

-|-o.  0015199 

—  0.  261 124 

0.  610705 

— 0. 00081 

+0.  24973 

2  — 

4 

—  0. 014112 

-|-o.  06301 1 

4-  0.012007 

0. 040897 

— 0. 00621 

4-0. 01033 

2  — 

S 

—  0. 000279 

~\-o.  004200 

4-  0. 000742 

0. 002362 

— 0, 00001 

4-0. 00020 

2  — 

0 

-{-  0. 000002 

-[-0.  000258 

4-  0.000035 

0. 000093 

4-0. 00002 

4-0. 00002 

3  + 

2 

4-  0.000048 

0. 000052 

4-0. 00002 

4-0. 00005 

3  + 

I 

+  0.000243 

— O.OOOI7I 

—  0. 0010S2 

0.  001024 

— 0. 00113 

4-0. 00035 

3 

0 

—  0.022363 

+ 

0.015394 

— 0. 00431 

— 0. 01688 

3  — 

I 

+  0.215749 

— 0. 103402 

+  0.559338 

+ 

0.  259753 

4-0. 14413 

4-0. 03798 

3  — 

2 

—  2, 1 19094 

-j-2.  7IDI55 

—  2. 145503 

4.044090 

— 0. 19752 

4-0. 32525 

3  — 

3 

—  6.494673 

— 0. 90D042 

—  7. 1S3684 

4-10. 161867 

4-0. 05467 

-f  0. 07072 

3  — 

4 

—  0. 905238 

—0.  380993 

—  0. 758540 

+ 

0. 193284 

— 0. 14566 

4-0.03159 

3  — 

5 

—  0. 072287 

4-0. 001728 

—  0.047760 

0.  017444 

— 0. 00941 

-f-o.  00078 

3  — 

0 

—  0. 004853 

4-0. 001340 

—  0. 002585 

0.  001756 

— 0. 00036 

4-0. 00021 

3  — 

7 

—  0. 000299 

4-0.000137 

—  0. 000103 

0.000136 

4  + 

I 

-f  0.000013 

—0. 000025 

—  0.000052 

0.000155 

— 0. 00010 

4-0. 00010 

4 

0 

—  0. 003749 

+ 

0.0001S8 

—0.00161 

—0.00187 

4  — 

-[-  0. 022075 

— 0. 022972 

4-  0.053040 

+ 

0.  069724 

4-0. 02488 

— 0. 00636 

4  — 

2 

—  0.  0700420 

4-0.  5005020 

+  0. 133551 

0. 774625 

— 0. 00731 

4-0. 12789 

4  — 

3 

—  2.959698 

 1.  469S84 

—  3*  764570 

+ 

1.327203 

—0.21374 

—0. 07367 

4  — 

4 

-l-  4.  606216 

—5.  I9I627 

4-  5. 127778 

+ 

5.605672 

—0. 05096 

4-0.05095 

4  — 

5 

+  0- 135515 

— 0.  791777 

4-  0.041715 

+ 

0.  68S698 

—0. 03675 

—0.07855 

4  — 

0 

—  0.  018223 

— 0. 065  74 1 

—  0.024833 

0. 044863 

— 0. 00369 

— 0. 00639 

4  — 

7 

—  0.  002796 

— 0-  004332 

—  0.002556 

+ 

0.  002303 

—0. 00037 

—0. 00029 

4  — 

Q 

— -  0. 000257 

— 0. 000249 

—  0.00031  J 

+ 

0.  oooni 

—0. 00003 

— 0.00001 

S 

0 

—  0.000431 

0.0001 82 

—0. 00029 

— 0.00012 

5  — 

I 

-f  0.001576 

—0. 003348 

+  0.001773 

+ 

0. 010638 

4-0. 002735 

— 0. 002629 

5  — 

2 

-r  0.0255^947 

4-0. 06044055 

4-  0. 0840463 

0. 0812427 

4-0. 01 171 

4-0. 02451 

s  — 

3 

—  0. 6292999 

4-0. 0302412 

—  0.800463 

0. 230570 

—0. 096852 

4-0.014418 

5- 

4 

+  0.676908 

—2. 601663 

4-  0. 502058 

+ 

3-054213 

4-0. 01401 

—0. 12773 

5- 

5 

4-  3.646320 

4-1.995219 

+  3.822384 

2. 227183 

—0. 04332 

—0.03113 

5- 

6 

+  0. 596295 

—0. 033889 

4-  0. 528020 

+ 

0. 075013 

+0.03877 

— 0.03071 

5- 

7 

+  0.050524 

— 0. 028467 

4-  0.035123 

+ 

0. 029403 

4-0. 00350 

—0.00416 

s- 

8 

-1-  0.003152 

— 0. 003617 

4-  0.001476 

+ 

0. 002984 

4-0. 00014 

— 0.00041 

5- 

9 

-|-  0.000150 

— 0. 000292 

0.000000 

+ 

0, 000225 

0.00000 

— 0.00003 

6 

0 

—  0.000038 

0. 000035 

— 0. 00004 

0.00000 

6  — 

I 

4-  0.000030 

—0. 000378 

—  0.000404 

+ 

0.001158 

4-0,00014 

— 0. 00050 

6  — 

2 

+  0.0063 1 401 

4-0. 00456065 

4-  0.0157483 

0. 0025418 

4-0. 00383 

4-0. 00269 

68 
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Arc. 

at 

d£l 
IF 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

6  — 

•I 
J 

// 

// 

// 

// 

// 

— o.  082465 

-f  0. 053035 

— 0. 089706 

— 0. 1 1 141 1 

— 0.  01 99 1 

-|-o,  01497 

6  — 

4 

—0. 15 1565 

—0. 609415 

— 0.3I9I98 

-f  0.  700425 

— 0.  02426 

— 0, 06508 

6  — 

K 

■J 

-fi.  991245 

+0. 086878 

-f  2.  228580 

-fo.  061513 

H-o.  06987 

—0. 00873 

6  — 

6 

— 0.  643134 

+  2.  329039 

— 0. 749217 

+0.01555 

—0, 03396 

6  — 

7 

+0.  1 16590 

-fo.  400914 

-|-o.  130043 

0. 350535 

-fo.  02192 

+0.01703 

6  — 

8 

H-o.  031338 

-f-0. 033486 

-^0. 02947 

— 0. 02333 

-f-0. 00350 

-|-o.  OOI47 

6  — 

Q 

H-o.  003659 

-fo.  001799 

-j-ij.  ouzyy 

— tJUU/U 

-f  0. 00035 

-f  0, 00001 

6  — 

10 

-fo.  000244 

-f  0. 000042 

-fo.  00003 

— 0, 00001 

^~ 

— 0. 00001 1 

— 0. 000025 

—0. 000096 

-fo.  000090 

—0.  00002 

— 0, 00007 

2 

-j-o.  000077 

-j-u.  oouooy 

-f  0. 001867 

-f  0. 000857 

-j-o,  OOOOy 

3 

— 0.  006105 

-j-o.  012129 

— 0.001646 

— 0. 021836 

— 0. 00201 

-l-O.  OOJ.<:2 

4 

—0. 079178 

— 0. 08381 1 

— 0. 129178 

-f  0. 079320 

—0.01556 

—0.01375 

5 

+0. 498555 

— 0. 238188 

+0. 536494 

+0. 363447 

+0.  03934 

— 0. 02521 

6 

+0.  236771 

-1-1.370463 

+0.371344 

—1.486577 

+0.01357 

+0. 03479 

7 

—1.373021 

— 0. 043052 

Y      AAA  il(\A 

— I . 444^^4 

-j-o.  090045 

-|-o.  02419 

-[-0. 006  n 

8 

—0.  242307 

+0. 136486 

 0  llR*71 

— U.  1  jO/  1 

— 0.  00612 

-|-o.  01408 

9 

—0.01848 

-j-o.  02865 

—0.  ui  jfy  0 

— (J.  "*5y 

— 0. 00030 

-f  0. 00253 

10 

—0. 00247 

+0. 00343 

-f  0.  00014 

-|-o.  00007 

-f  0. 00026 

y_ 

— 0. 00018 

-fo.  00035 

 00021 

-f  0.00001 

-fo.  00002 

8  — 

2 

-j-o.  00008 

— 0. 00004 

-fo.  00013 

-f-0, 00021 

-|-o.  ooooy 

— 0. 00004 

8  — 

3 

-j-o.  000126 

-|-o.  001740 

-f  0.001530 

— 0.  002698 

-^0.  ooooo 

-j-o.  00005 

g  

4 

— 0.  01756 

— 0.  00525 

—0. 02593 

— 0. 00102 

— 0.  00459 

— 0. 00103 

8  — 

5 

+0. 06808 

—0. 09534 

+0. 05633 

+0.  13332 

-f  0. 00799 

 0.  01404 

8  — 

6 

-f-0.  27138 

+0-  35555 

-f-0. 35490 

—0.  36274 

-f-0. 02176 

4-0. 02103 

8  — 

7 

—0. 85986 

+0. 35263 

—0.91239 

— 0. 42257 

— O.OI53I 

-f-o.  01 140 

8  — 

8 

—0. 16317 

—0. 74948 

— 0.  I4I76 

-f-o.  70972 

—0. 00073 

 O.OI617 

8  — 

9 

—0. 12i86 

— 0. 13364 

— 0.  1 1 965 

— 0.  00830 

 0.  00125 

8  — 

10 

— 0. 02319 

—0. 00837 

— 0.  02070 

-j-o.  oo4yji 

—0.00163 

-f-0. 00025 

8  — 

—0. 00265 

-f  0. 00021 

^—0.  KJ*J^J^\J 

—0.00017 

-|-o.  00010 

8  — 

12 

— 0. 00023 

-j-o.  00019 

 0,  00014 

— 0. 00009 

9  — 

3 

-}-o.  00013 

-j-o.  00017 

-f  0.  00037 

— 0.  00019 

-j-o,  00000 

-j-o.  0001 1 

9  — 

4 

—0.  00257 

_j_o  00061 

—0.  00329 

—0.  00236 

— 0,  00087 

-f  0. 00026 

9  — 

5 

4-0. 00220 

—0. 02099 

 0.  00487 

-f-o.  02715 

-f  0. 00008 

—0.00413 

9  — 

6 

+0, 09828 

-j-o.  04399 

+0. 12430 

—0.  02948 

+0,01137 

-f-o.  00361 

0  — 

7 

—0. 22203 

-fo.  25869 

—0. 21542 

—0.313 1 1 

—0.  01005 

+0.01599 

0  — 

8 

— 0. 34462 

—0. 49246 

— 0.  38713 

i-o.  51305 

—0. 00760 

— 0. 00557 

9  — 

9 

+0. 37643 

—0. 1 906 1 

-f  0.  39923 

-j-o.  10094 

—0,01010 

-f  0.00168 

9  — 

lO 

-f  0. 05700 

-j-o.  091 14 

— 0. 00056 

— 0. 004  so 

9  - 

-I-O.OOI9I 

— 0. 01708 

-f  0.  00029 

-j-o,  01502 

—0. 00042 

— 0. 00095 

9  — 

12 

— 0. 00058 

— 0. 00181 

— 0. 00069 

-f  0. 00149 

— 0,00010 

— 0. 00010 

10  — 

3 

4-0. 000023 

-f  0.00001 1 

-f  0. 000052 

4-0. 000003 

-f  0, 000018 

-j-o.  000007 

10  — 

4 

— 0. 0002542 

-f  0. 0002503 

— 0. 000221 

—0. 000552 

— 0,00011 

-f  0.0001 1 

lO  — 

s 

—0.001380 

—0. 003099 

—0. 003224 

4-0. 003433 

—0, 000409 

—0. 000776 

10  — 

6 

4-0. 02158 

— 0. 001 9 1 

-f  0. 02541 

-f  0. 00879 

+0.00335 

— 0. 00062 

10  — 

7 

—0. 01987 

-fo.  08981 

— 0, 00584 

— 0. 10598 

— 0, 00081 

-f  0. 00841  j 
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Arg. 


i' 

10- 
10- 
10- 
10- 
10- 


I 
I 
I 

12- 
12- 
12  - 
12- 
12  - 
12- 
12- 
12- 


i 
8 

9 
10 
II 
12 

■  4 

■  5 

■  6 

■  7 

-  8 

-  9 
- 10 

-  II 
- 12 

•  5 

■  6 

-  7 

■  8 

■  9 
- 10 

-  II 

-  12 


jn 

a— 
dg 


—0.21828 
+0. 25409 

+0. 15333 
-f  o.  06586 
+0.01155 

-[-0.000012 
— 0.000417 
-|-o.  00316 
+0.00575 
— o.  07436 
+0. 04857 
+0.  20438 
— o. 06568 
— o.  00512 

— o.  000075 
-|-o.  000308 
-fo.  00283 
—0.01607 
— o.  01 126 
+0.1 1875 
— o.  03815 
—0.06514 


— o.  1 1833 
— o.  28085 

+0. 1 703 1 

-fo.  02513 
— 0.00127 

— o.  000044 
— o.  000304 
— o.  00221 
+0. 01965 
— 0.00090 
— o.  16760 

+0-  "335 
+0. 10415 
+0.041 8 1 

— o.  000008 
— o.  000558 
+0. 00276 
+0. 00852 
— o.  05648 
+0. 00770 

+0. 13574 
— 0.01386 


COS. 


— o.  2505 
+0.  2617 

+0. 1493 

+0. 0632 
+0. 0100 

o.  000000 
— o.  000706 
+0. 003 1 1 
+0, 01171 
— o.  0832 
+0. 0380 
+0. 2178 
— o.  0731 
— o.  0045 

— o.  000106 
+0.00006 

+0.00443 

—0.0167 
— 0.0217 

+0.1324 

— o.  0369 
— o.  0719 


2dn 


+0. 1074 

— 0. 01086 

—0. 00377 

+0. 00126 

— 0. 00430 

—0. 1833 

—0. 00235 

—0. 00588 

— 0. 0223 

+0. 00223 

— 0.00097 

+0. 0021 

+0. 00050 

— 0. 00040 

+0. 000081 

—0.00001 

+0. 00002 

+0.000160 

— 0. 00014 

— 0.00009 

+0. 00391 

+0. 00062 

— 0. 00050 

— 0. 02153 

+O.OOIOI 

— 0. 00247 

— 0.  Olio 

—0.00574 

+0. 00068 

+0. 1854 

+0. 00069 

— 0. 00681 

—0. 1 154 

+0. 00208 

— 0. 00029 

— 0. 1029 

+0. 00315 

— 0. 00213 

—0. 0397 

+0. 00087 

+0.00091 

— 0. 000030 

— 0. 00003 

0.00000 

+0. 00083 

+0. 00006 

— 0.00015 

— 0. 00250 

+0.00055 

+0. 00045 

— 0. 0138 

— 0.00178 

+0.  001 18 

+0. 0621 

— 0.00I3I 

—0. 00406 

+0. 0027 

+0. 00498 

—0. 00035 

—0. 1510 

— 0. 00015 

+0.00235 

+0.0184 

+0. 00030 

+0. 00047 

The  similar  quantities  for  Saturn  are : 


Arg. 

^,dn* 
dg' 

a'r' 

dn' 

dr' 

dZ' 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

i 

// 

// 

// 

// 

u 

0 

0 

-258.5835 

—0. 32693 

0 

—  12.493747 

+ 

9.512847 

—  19. 1 1307 

24.  34181 

—3.  098926 

+  2.  140785 

2 

0 

—   0.  749962 

+ 

2.  184496 

—  0.02017 

3.09269 

—0.  37452 

+0.  72692 

3 

0 

+  0.063454 

+ 

0. 278183 

+  0.17506 

0.  26737 

+0. 00276 

+0.  I3OI5 

4 

0 

+   0. 02260 

+ 

0. 02378 

+  0.03012 

0. 01420 

+0. 00909 

+0.  01576 

5 

0 

+   0. 00348 

0. 00102 

+  0.00347 

+ 

0.  00030 

+0.  00204 

+0.00122 

6 

0 

+    0. 00038 

0. 00008 

+  0. 00030 

+ 

0.00018 

+0.  00030 

0.  00000 

— 4  — 

—  0.00033 

0.  00061 

+  0.00040 

0.  001 10 

— 0. 00092 

— 0. 00092 

—3  — 

—   0. 00447 

0.00317 

+  0.00814 

0. 00742 

— 0. 01054 

— 0. 00308 

— 2  — 

—  0.03910 

0. 00882 

+  0.09939 

0.02598 

—0.  08870 

+0.01840 

—  0.23174 

0. 05542 

+  0.931 13 

+ 

0.31707 

—0.55250 

+0.45153 

0  — 

+  18.61128 

49.  17198 

+3-  89354 

—8. 44462 

I  — 

+  110.60400 

+526. 42790 

— 191. 90960 

+921.71340 

+0.  52862 

+0. 47997 
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Arg. 

dZ' 

BID. 

COS. 

COB. 

Bin. 

Bin. 

COS. 

t 

// 

// 

// 

// 

// 

// 

2  — 

— 12.  52916 

+13.53055 

35.92108 

+43.41236 

—I.  70080 

—1.66675 

3- 

I 

—  4. 18693 

+  0. 85662 

5.37518 

+  0.  75002 

—0. 69954 

—0, 1 9941 

4  — 

I 

—  0.61 143 

+  0.32227 

0.51443 

—  0.  33426 

—0. 14063 

+0. 03184 

5- 

I 

—  0.05492 

+  0.07103 

0.  02448 

—  0. 06690 

— 0.01762 

+0.01572 

6  — 

I 

—  0.00185 

+  0.01042 

+ 

0.00199 

—  0. 00789 

—0. 00113 

+0. 00327 

7- 

I 

+  0.00039 

+  0.00II3 

+ 

0. 00063 

—  0.00065 

+0. 00008 

+0. 00047 

—  3  — 

2 

0. 00032 

—  0, 00037 

+0. 00023 

— 0. 00052 

2 

—  0.  OOOOI 

—  0.  00170 

0.  OOIOI 

—  0. 004*^1 

— 0. 00044 

— 0.  O04Q^ 

—  I  — 

2 

—  0.00396 

—  0. 02197 

+ 

0. 00908 

—  0, 02455 

—0. 02397 

— 0.  03613 

o  — 

2 

+ 

1.34542 

-  5.56528 

+0. 24307 

—  1.45086 

I  — 

2 

+11,78262 

+60. 65358 

15.08564 

+63.  77769 

—3.71235 

— 0.  80243 

2  — 

2 

+92.  73743 

-36. 72487 

+'S3. 90350 

+68. 39870 

— 0. 65139 

+0. 49771 

3  — 

2 

+19.51631 

—24. 83790 

+  19.62241 

+33.  24536 

+0.  75478 

—  1. 16505 

4  — 

2 

+  0.859890 

—  6. 205946 

0. 605801 

+  6.  310084 

+0. 043954 

—0.  562835 

5- 

2 

—  0.  392201 1 

—  0. 9263581 

0. 59382 

+  0. 68394 

—0. 05564 

—0. 1 241 1 

6  — 

2 

—  0. 1 1 61438 

—  0.0839107 

0.  II59I3 

+  0.029608 

—0. 02067 

— 0.01552 

7  — 

2 

—  0.01882 

—  0.00147 

0. OI4I4 

—  0.00503 

— 0. 00424 

— 0. 00057 

8  — 

2 

—  0.00205 

+  0.  oouo 

0. 00108 

—  0, 00142 

— 0. 00060 

+0. 00024 

—  2  — 

-2 
*? 

0. 00019 

+  0. 00006 

+0, 00023 

0. 00000 

—  I  — 

3 

-p  0.00013 

—  0.00168 

0.00180 

+  0.00080 

+0.00172 

— 0. 00099 

0  — 

3 

■  + 

0, 07676 

—  0. 4*^062 

—0.  1 1 898 

I  — 

3 

+  0.98178 

+  5.03581 

1-33037 

+  4. 98239 

— 0. 03184 

—0. 1 845 1 

2  — 

3 

+  2.51439 

—  3.03979 

+ 

2, 79646 

+  5- 55794 

+0.  oil  28 

—2.  46826 

3  — 

3 

+39.81953 

+55. 10867 

+  57-31092 

—80.  65523 

— 0. 49425 

—0.57741 

4  — 

3 

+24. 19323 

+12.01592 

+  29. 12732 

—II.  13988 

+0.  70780 

-i  0.  26828 

5- 

3 

+  6.43001 

—  0.  30895 

+ 

6. 19333 

+  I' 47537 

+0.  39821 

— 0. 05040 

6  — 

3 

+  1.01114 

—  0.65028 

+ 

0.71845 

+  0.79138 

+0. 09362 

—0. 06710 

7  — 

3 

+  0. 08734 

—  0. 17350 

+ 

0. 02256 

+  0. 15867 

+0, 01084 

— 0. 02267 

8  — 

3 

—  0,00206 

—  0.02844 

0. 00964 

+  0.  02010 

— 0. 00029 

— 0. 00465 

9  — 

3 

—  0.00230 

—  0.00319 

0. 00252 

+  0.00149 

— 0.00042 

— 0. 00065 

10  — 

3 

+  0.00046 

—  0,00022 

0.00037 

0.00000 

—  I  — 

0. 00002 

+  0.  00026 

o  — 

4 

+ 

0. 00624 

 0. 00741 

I  — 

4 

4-  0.07671 

-1-  0.  '^8422 

0. 09652 

+0. 00468 

— 0. 00038 

2  — 

4 

+  0.04760 

—  0. 17240 

0. 05983 

+  0.  35900 

+0. 06447 

— 0. 09957 

3  — 

4 

+  4. 1625 1 

+  1.75303 

+ 

6. 03763* 

—  1.76834 

+1. 48400 

—0.31573 

4  — 

4 

—28. 23897 

+31.82790 

38. 49617 

—42.  32321 

+0, 40969 

— 0. 45729 

5- 

4 

-  5.18733 

+19. 93726 

4- 1 1539 

—22.71167 

—0. 05088 

+0. 38193 

6  — 

4 

+  1.39378 

+  5. 60414 

+ 

2. 18915 

—  5.22807 

+0, 08798 

+0.  25294 

7- 

4 

+  0,84946 

+  0.89916 

+ 

0.91330 

—  0.61473 

+0. 06635 

+0. 06132 

8  — 

4 

+  0.21528 

+  0.06436 

+ 

0. 18587 

—  0.00177 

+0. 02170 

+0. 00546 

9  — 

4 

+  0.03548 

—  0.00871 

+ 

0. 024077 

+  0.  015421 

+0. 00446 

— 0.  OOII8 

10  — 

4 

+  0.0038962 

—  0.0038362 

+ 

0.00175 

+  0.00376 

+0,00061 

—0.00058 

u  — 

4 

+  0.000208 

—  0.000745 

+ 

0. 000019 

—  0.000429 
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Arg. 


dg' 


sin* 

COS* 

COS. 

sin. 

sin. 

COS. 

t 

// 

// 

// 

// 

// 

/' 

0  — 

+  0.00050 

—  0.00238 

-f  0. 00026 

— 0.00058 

+  0. 00578 

+  0.02831 

—  0. 00632 

^+  0.02866 

— 0, 00020 

+0. 00022 

2  — 

+  O.OOIOI 

—  0.00891 

—  0. 00438 

+  0.02055 

-[-0. 00027 

— 0.00171 

3- 

4-  0.26592 

—  0.00628 

+  0.38143 

+  0. 10911 

+0.09487 

— 0. 00684 

4  — 

—  0.66461 

+  3.88327 

—  0.42190 

—  5. 19296 

+0. 37548 

+0.81904 

5- 

—22.35421 

—12.23193 

—28. 27227 

+  16. 10040 

+0. 38434 

+0.  24358 

6  — 

—14. 64908 

—  0.63903 

—16. 104II 

—  0.27062 

—0. 17855 

+0. 02454 

7- 

—  4. 27903 

+  2.04434 

—  3. 90033 

—  2.  52020 

—0. 14367 

+0. 09128 

8  — 

—  0.66790 

+  0.93520 

—  0.42883 

—  0. 93435 

—0. 03424 

+0. 05723 

9- 

—  0.02425 

+  0.23150 

+  0.02716 

—  0. 19218 

—0. 00082 

+0.01860 

10-^5 

-f  0.01692 

+  0.03800 

+  0.02146 

—  0.02484 

+0.00188 

+0. 00381 

+  0.00563 

-f  0.0041 1 

+  0.00492 

—  0,00138 

+0. 00069 

+0. 00048 

13  — 

4-  O.OOIII 

-f  0.00012 

+  0.00059 

+  0.00020 

6 

+  0.00042 

-(-  0.00204 

—  0. 00044 

+  0.00204 

2  — 

6 

0.00000 

—  0. 00053 

—  0.00033 

+  0.00089 

— 0. 00017 

— 0. 00024 

3  — 

6 

-f-  0.01488 

—  0. 0041 1 

+  0.02080 

+  0.01214 

+0. 00363 

— 0. 00208 

4  — 

6 

+  0. 07448 

+  0.26869 

+  0. 17086 

—  0.  34221 

+0.03769 

+0. 06608 

5- 

6 

—  3-  04638 

+  0.1 7313 

—  3.84637 

—  0. 49450 

—0.41355 

+0.3I86I 

6  — 

6 

+  3.94281 

—14. 27845 

+  S. 25030 

+  i7>  46285 

—0. 1 1830 

+0. 29533 

7  — 

6 

—  1.69348 

—  9.80208 

—  2.51849 

+10.51393 

—0. 03262 

— 0. 06679 

8  — 

6 

—  2.21830 

—  2.90630 

—  2.45303 

+  2.58710 

— 0. 07187 

—0.07395 

9  — 

6 

—  0.90365 

—  0.40439 

—  0.86244 

+  0.22567 

—0. 04446 

—0,01518 

10  — 

6 

—  0.22050 

+  0.01947 

-  0, 17783 

—  0. 05586 

—0.01448 

+0.00234 

6 

—  0.03548 

+  0. 02488 

—  0.02223 

—  0.02616 

— 0. 00291 

+0. 00225 

12  — 

6 

—  0.00378 

+  0.00684 

—  0.00079 

—  0.00570 

—0.00033 

+0. 00073 

3  — 

+  0.0008 

—  0.0004 

+  0.0009 

+  0.0010 

+0. 0002 

— 0. 0003 

4  — 

+  0.0098 

+  0.0152 

+  0.0181 

—  0.0179 

+0. 0038 

+0. 0030 

s- 

—  0.2212 

+  0. 1247 

—  0. 2596 

—  0.  2052 

—0. 0370 

+0.0434 

6  — 

—  0.6127 

—  2  1067 

—  0.  9042 

+  2. 5492 

—0. 2305 

—0. 1868 

7- 

+  8.4175 

+  0.2639 

+10. 0604 

-  0.  5897 

—0.2108 

—0. 0367 

8- 

+  6.0245 

—  2.4707 

+  6.3466 

+  2.8995 

+0.0129 

— 0. 0210 

9  — 

+  1.7498 

—  2.0390 

+  2. 1461 

+0.0324 

—0. 0506 

10— 

+  0.1 741 

—  0. 7867 

+  0.0531 

+  0.  7285 

+0, 0036 

—0.0316 

—  0. 0554 

—  0. 1893 

—  0.0769 

+  0. 1491 

— 0.0040 

—0.0103 

12  — 

—  0.0297 

—  0.0290 

—  0. 0297 

+  0.0177 

—0.0023 

— 0. 0020 

4  — 

8 

-J"  U.  ^J^J^JO 

-|-  0.0021 

—  0. 0009 

-f-o.  0003 

-|~o»  0001 

s- 

8 

—  0.0I2I 

+  0.0139 

—  0.0114 

—  0,0210 

— 0. 0015 

+0. 0042 

6  — 

8 

—  0. 1441 

—  0.  1540 

—  0.  2047 

-h  0. 1687 

—0.0371 

—0.0159 

7  — 

8 

+  1.2998 

—  0.7321 

+  1.5303 

+  0.9550 

+0. 0707 

—0. 150I 

8  — 

8 

+  1.0003 

+  4. 5946 

+  0.9941 

-  5.4158 

—0. 0025 

—0. 1384 

9  — 

8 

+  2.3768 

+  3- 3965 

+  2.6374 

—  3.5276 

+0. 0074 

— 0. 0076 

10  — 

8 

+  1.6726 

+  0.9068 

+  1.7026 

—  0. 7490 

+0.0319 

4-0. 0108 

II  — 

8 

+  0.  6269 

+  0.0076 

+  0. 5673 

+  0.0671 

+0. 0207 

— 0. 0021 

12  — 

8 

+  0.  1478 

—  0.0784 

+  0. 1 147 

+  0.0909 

+0. 0067 

—0, 0044 

\ 
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Arg, 

a 

dr' 

dZ' 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

// 

// 

5—  9 

— 0. 0005 

-f-o.  0010 

— 0. 0002 

— 0.0014 

0.  0000 

+0. 0003 

6-  9 

—0.0150 

—0. 0073 

— 0. 0208 

+0.0059 

—0. 0037 

— 0.0001 

7-  9 

-fo.  0881 

— 0. 1366 

+0. 0909 

+0. 1787 

+0. 0035 

—0. 0271 

8-  9 

+0. 6640 

+0.  7283  - 

+0.  8165 

— 0. 8291 

+0, 0899 

+0.0174 

9—  9 

—2.3077 

-f-1. 1684 

—2.  7039 

—I.  2391 

+0.  0853 

— 0. 0198 

10—  9 

—I.  7310 

-f-1.9130 

—1.7775 

—2. 0630 

+0. 0118 

—0.  0020 

ir—  9 

—0.  3639 

+1-2557 

— 0,  2661 

—I.  25 1 1 

— 0.  0012 

+0. 0180 

12—  9 

-|-o.  0921 

-4-0  a6i8 

—0. 41 90 

+0. 0042 

+0. 0125 

6—10 

— 0.0009 

— 0. 0002 

— 0. 0020 

— 0. 0003 

—0,0003 

+0. 0001 

7 —  lo 

-|-o.  0106 

— 0. 0147 

-fo.  0007 

+0.01S6 

— 0.0007 

— 0. 0028 

8—10 

+0.1138 

-f-o.  041 1 

+0. 141 1 

—0.0353 

+0.0177 

—0. 0024 

9 —  lo 

— o-  3547 

-f-o.  5199 

-<5.  3938 

—0.  6165 

+0. 0034 

+0. 0498 

10 —  10 

— 0. 9402 

— 1. 0440 

—1.0093 

+  1.  2280 

+0. 0233 

+0. 0490 

II  —  10 

—  1.3782 

 1 ^  4608 

+0. 0065 

-j-o.  0090 

12  —  10 

— 0. 8736 

 0566 

 8847 

 01 18 

— 0. 0089 

+0. 0021 

7  — II 

-f-o.  0007. 

 0.0014 

— 0.  0005 

+0.0015 

— 0. 0002 

~o.  0002 

8— II 

-f-o.  on8 

— 0. 0009 

+  0143 

+0.  0032 

+0.  0019 

— 0. 001 1 

9— II 

— 0. 0096 

+0.0857 

 0.  0028 

—0. 1 01 6 

+0. 0044 

+0. 0105 

10—  II 

—0, 3670 

— 0. 140 1 

—0. 4238 

+0. 1507 

—0. 0255 

+0. 0089 

11  —  II 

-f-o.  4026 

—0, 6386 

+0. 4847 

+0.  6888 

—0.  0259 

+0. 0204 

12 —  II 

+0.  2552 

—0. 9078 

+0. 2474 

+1.0020 

— 0. 0064 

+0, 0076 

8—12 

-|-o.  0009 

— 0. 0008 

+0. 0010 

+0. 0006 

+0. 0001 

—0. 0002 

9-12 

-f-o.  0027 

+0. 0083 

+0. 0045 

—0.  OIOI 

+0.  oon 

+0.  OOI I 

lO —  12 

— 0. 0590 

+0. 0065 

—0. 0675 

—0, 0132 

— 0. 0057 

+0. 0042 

II  —  12 

-f-o.  0288 

—0. 2349 

+0. 0299 

+0.  2649 

—0. 0079 

— 0.0I2I 

12 —  12 

-fo-  3994 

-f-o.  0850 

+0. 4738 

—0.  1202 

— 0.0142 

— 0.0102 

Following  Hansen's  method  of  integration  we  now  introduce  a  set  of  symbols, 
r,  y,  /o,  and  ^,  which  are,  respectively,  the  equivalents  of  t,  g,  r,  and  except  that 
they  are  regarded  as  constant  whenever  we  integrate.  When  the  integration  is  accom- 
plished the  original  symbols  are  restored.  The  next  step  in  deriving  the  perturbations 
is  to  obtain  the  development  for  Jupiter  of  the  functions  ^ 


and  for  Saturn  the  similar  functions 

,dn' 
W 


T  dW      , ,  ,dn'  ,  ^,  ,  ,dDI 


dt 


n~M  ~  dZ 


I  dW     ^,  ,A£1' 


*  Gegenseitige  Storungen  des  Jupiter  und  Satum,  s,  9,  and  Storungen  der  grossen  Planeten,  insbesondere  des 
Jupiter,  S3,  37,  50. 
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The  expressions  for  A,  B,  and  C  are 

The  expressions  for  A',  B',  and  C  are  obtained  by  accenting  all  the  symbols  con- 
tained in  these  equations. 

In  developing  T  and  ^  -g^  in  a  series  of  periodic  terms  whose  arguments  are  com- 
posed of  integral  multiples  of  x,  g\  and  g  we  need  compute  directly  only  the  terms 
which  involve  ±  X,  and  in  the  case  of  the  first  function  those  which  are  independent 
of  y.  The  rest  are  readily  supplied  after  integration  in  the  functions  W  and  R.  This 
simplification  is  available,  not  only  for  the  first  order  approximation,  but  for  all  suc- 
ceeding orders.  In  deriving  the  proper  developments  of  the  multipliers  A,  B,  and 
C  we  can  employ  the  quantities  P.  and     of  page  63.    Thus  it  suffices  to  put 


2-  cos  9?  +  36  =  2P1  cos  X  +  • 


p  sm  <p 


:  2Q1  sin  y  + 


"  "'^  =  -  !^  +  tQi      ^  +       COS  2g  +      cos  39  +  .  .  • 

ci  G  2  1  2  3 

COS  /  +  ze^dg  =  ^Pi  sin  g  +  ^Pa  sin  2g  +  ^Pj  sin  3^  +  .  .  . 
r  sin  / 


;  Qj  sin  g  +  Q^  sin  2g  +  Q3  sin  zg  + 


y  I 

-cos/+2e  =  -e  +  PiCOS5r  +  PjCOS2^+P3COS35r+  .  ,  . 

The  portion  of  C  which  involves  the  single  multiple  of  y  is 

0=:i;.I(P,Q,±P,Q,)  sin  (y^ig) 


the  double  sign  being  taken  both  ways. 

With  the  understood  restriction  the  three  multipliers  for  Jupiter  are 


A=-3 

+  2[o.30i5363]  COS  {y  —  g)  B  =  —  2(0.0005063]  sin  (y  — 


—  2[9.o82oo49]  cos  y 
+  2[8.3826558]  cos  {y  -  2g) 
+  2[6.7648o52]  cos  {y  -  ^g) 
+  2[5-27i8932]  cos  {y  —  ^g) 
+  2[4.3697  ]  cos  {y+2g) 
+  2[3-8479  ]cos(;r-5^) 
+  2[2.928i     ]  cos  {y  +  zg) 


—  2[8.3832877]  sin  y 
-2[8.3826s58Jsin  {y  -  2g) 

—  2[6.94o8965]  sin  (y  -  3^f) 

—  2[S-S729232]  sin  {y  —  ^g) 
+  2U.3697  1  sin  {y+  2g) 
-2(4.2458  ]  sin  {y-sg) 
+  2[3.io42     ]  sin  {y  +  z9) 


0  =  2(9.6984644]  s: 
-2(8.5583671]  s 
+  2(8.0806139]  si 
+  2(6.6388546]  s: 
+  2(5.2708813]  s 
-  2(4.0677  ] 
+  2[3*94376   ]  si 


n  (r  -  9) 

n  y 

n  (r  -  2flf) 

n  (r  -  ^9) 

n  {y+  2g) 

n  (r  -  S9) 
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The  corresponding  quantities  for  Saturn  are 
+  2[o.3oi7i43]  COS  (x'—       ^'=-"  2[o,ooo6843]  sin  (x'—  g')G^= 


—  2[9.i474238]  cos 
+  2[8.44794i9]  COS  (/-  2g') 
+  2[6.895i994]  cos  (y'-  3^') 
+  2[54673946]  cos  4^') 
+  2[4.5657  ]  <^os  {f+  2p') 
+  2[4.io85  ]  cos  iy-sg') 
+  2[3.i892  ]cos(7'+3(;0 


-2[8.4487952]  sin  / 

-  2[8.44794i9]  sin  2g') 

-  2[7.o7i2907]  sin  (x'—  39^ 

-  2[s.7684247j  sin  (/-  ^g') 
+  2[4.56S7     ]  sin  {f+  2g') 

-  2[4.so64  J  sin  S9') 
+  2[3'3<5so     ]  sin  (/+  3^') 


2[9.6982874]  sin  g^) 

—  2[8.6235i96]  sin 

+  2[8.i45S4so]  sin  {y'~  2g') 
+  2[6.7688938]  sin  (/-3^') 
+  2[s.466o278]  sin  (7'- 4^') 

-  2[4.2633  ]  sin  (/+  2^') 
+  2[4.204o     ]  sin  (x'-  ig') 


The  terms  of  W  or  R,  which  involve  other  multiples  of  y  than  ±  i,  are  obtained 
in  the  following  way 
Let 

WorE  =  2a('>^^g(tX  +  y^^) 

then 


where 


a 


^     ~2P,+  21jt^ 


^  -2P, 


■2tJi'* 


where 


In  the  case  of  R  we  have,  in  addition, 


For  Jupiter 


For  Saturn 


^  -2P, 


log7;?^*'^  =  8.8s99027w 
log  7/'^  =  8.3821495 
log  77*^*  =  6.9403902 
log  V**  =  5-5724169 
log     =  4.2453 
log  tf^^  =  2.9442 

10g77**'*  =  8.9252322n 

log  77^'' =  8.4472576 
log  7*^'  =  7.0706064 
log  V*'  =  5.7677404 

log  77*'' =  4.5057 
log  rf^^  =  3.2696 


log  ^'^  =  4.3692^ 
log  6'^''=3-io37n 
log  e^**=i.8i52» 


log  ^^'^  =  4.5653^ 
log  ^^'^  =  3.3645^ 
log  <9^*'=  2.1407^ 


The  developments  of  T  and  ^  ^  follow;  they  have  the  form 


^  sin  /  , 


*  Gegenseitige  Storungen  des  Jupiter  und  Saturn,  ss.  25-39,  and  Storungon  der  grossen  Planeten,  insbeaondere 
des  Jupiter,  as.  37-39. 


MUTUAL  PERTURBATIONS  OF  THE  FIRST  ORDER. 


1^ 

T 

n  dt 

Arg, 

sin. 

COS. 

COS. 

sin. 

H     i  'i 

I      0—  I 

—14. 27897 

—  O.OI632I5 

+0.0120 

+0. 0506 

—  I      0  o 

—  I.  1420391 

+  i.oi7';6'i7 

+07 1253514 

+0. 2844315 

0      O —  I 

+  0.9242313 

—  0.5043882 

I       O  — 2 

—  0.08864 

—  0. 

— 0. 12'?'; 

— 0. 2819 

—  I       O—  I 

—  0. 04934 

—  0.08305 

+0. 0087 

—0. 0288 

0      O — 2 

+  0. 050385 

+  0.053403 

I     o  — 3 

—  0.00074 

—  0.OQ437 

—0. 0207 

+0.0015 

—  I       O—  2 

+  0.00412 

—  0.00275 

—0.0017 

— 0. 0001 

0     o  — 3 

—  0.00146 

+  0. 00344 

I     o  — 4 

—  0.00052 

—  0.00062 

—0.0001 

+0. 0007 

-I  0-3 

+  0.00017 

+  0.00022 

0     o  — 4 

—  0.0001 1 

0.00000 

I  o-s 

—  0.00006 

—  0.00008 

I  1+3 

+  0.00001 

—  0.0001 I 

0  1+3 

+  0.00023 

+  0.00021 

1  1+2 

—  0.00050 

—  0.00144 

— 0. 0002 

— 0.0001 

-1     1  +  3 

—  0.00010 

+  0.  0004< 

— 0.0019 

— 0.001 1 

0  l+£ 

—  0,00292 

+  0,  Oo6'?2 

I  1  +  1 

+  0. 00190 

—  0.01006 

— 0. 0010 

+0. 0036 

-I  1+2 

—  0.01946 

—  0.  0'12C1 

— 0. 0267 

+0. 0287 

O       1  +  1 

—  0. 10373 

—  0.01590 

I       I  0 

+  0. 15948 

+  0.06278 

+0, 0448 

— 0. 0161 

-I  I  +  I 

4-  1.  '?8'?70 

—  0.  02'?76 

+0. 1882 

+0.  1282 

I    I  — I 

—  1.43030 

+  0.68960 

—0. 1878 

— 0. 1278 

—  I       I  0 

+  2.57698 

+  13.  23026 

— 0. 0392 

+0.0192 

O       1  —  I 

—  1.34596 

—  7. 22662 

I  1—2 

—  0.80316 

—  3.  55532 

+0. 0403 

— 0.  o'i<8 

—  I       I  —  I 

+  0.50684 

—  I. IO73I 

4-0.  1 004 

— 0,  04SO 

0       I  — 2 

0.  71789 

-1-  0. 8778t; 

I  1-3 

+  0.40413 

—  0. 20^10 

— 0, 1966 

4-0. 04 1 2 

—  I  1—2 

+  0.05922 

—  0.06763 

—0.0123 

—0.  0062 

o  1-3 

—  0. 08875 

+  0.08783 

I  1—4 

+  0.03467 

—  0.02711 

— 0. 0068 

+0.  0103 

-I  1-3 

+  0.00321 

—  0.00034 

— 0.  0003 

+0.  0007 

0     1  —  4 

—  0.00654 

+  0.00401 

1  1-5 

+  0.00270 

—  0.00225 

—  I     1  —  4 

+  0.00005 

0,00000 

o  i-S 

—  0.  OOO'll 

-1-  0.  0002'? 

1     1  —  6 

+  0.00020 

—  O.QOOI9 

I  2-4-2 

—  0.00003 

+  0.00012 

—  I     2  +  3 

+  0.00005 

+  0.00013 

O      2  +  2 

—  0.  00002s 

+  0.00065 

I  2+1 

—  0.00022 

—  0.00108 

—  I       2  +  2 

—  0.00487 

—  0.00I4I 

—0.0044 

+0.  0020 

0  2+1 

—  0.00954 

+  0.00206 
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Arg. 


sin. 

COS.. 

COS. 

sin. 

H     i'  i 

// 

// 

// 

11 

I       2  O 

+  0.02018 

—  0.00063 

+0.0059 

+0. 0026 

-I  2+1 

+  0.05341 

—  0. 17006 

+0.0I9I 

+0.0451 

1        2 —  I 

—  0. 19776 

+  0. 18685 

+0. 0026 

—0. 0649 

—  I       2  O 

+  4. 89560 

+  0.57514 

+0.  2191 

—0.  2081 

0  2—1 

—  3.717753 

+  0. 1967I6 

I       2 —  2 

+  I.  51956 

—  1.46206 

— 0.  2165 

+0.  2058 

—  I  2—1 

—47. 87233 

+20. 55610 

+0. 0237 

+0.0395 

O       2  —  2 

+45.08114 

—19. 40163 

I       2  —  3 

—12. 36743 

+  5.27139 

— 0. 0449 

— 0. 0318 

—  I       2  —  2 

—  0. 07834 

+  1.63350 

—0.0034 

—0. 1268 

O       2  —  3 

+  1.80511 

—  2.42460 

I       2  —  4 

—  0.88028 

+  0.97188 

— 0.0010 

+0.  1239 

—  I      2  —  3 

-j-  0.  101 

-|-  0.  0044^ 

— 0. 0031 

-j-o.  0035 

0      2  — 4 

4-  0.  04214 

—  0.  1800*^ 

I      2  —  5 

—  0. 04279 

+  O.0S655 

+0.0011 

+0. 0082 

—  I        2  —  4 

+  0.002 10 

-1-  0. 00428 

+0. 0002 

+0. 000% 

o    2 —  i; 

+  0.00084 

  0.01280 

1       2  —  6 

—  0.  001 69 

+       0.  00646 

—  I     2  —  i; 

+  0. 00008 

~\-  0.  OOOIS 

O       2  —  6 

—  0.  OOOOI 

  0.  00077 

I      2  —  7 

—  0. 00008 

+     0.  0004^ 

I  3+1 

—  0.00005 

  0.00005 

—  I     3  +  2 

—  0.00063 

+  0.00021 

o  3+1 

-  0.00073 

+  0.00051 

I     3  o 

+  0.0021 1 

 0.00098 

+0.0004 

+0. 0008 

-I     3  +  1 

—  0.00723 

  0.01958 

— 0. 0006 

+0.0075 

I  3—1 

—  0. 01716 

+  0.03416 

+0. 0074 

—0. 0095 

—  I  30 

+  0.87841 

—  O.3I84I 

+0. 0698 

—0. 0235 

0  3—1 

—  0.  647247 

+  0.310206 

I  3-2 

+  0. 18035 

—    0. 37244 

— 0. 0790 

+0. 0070 

—  I     3  —  1 

—  6.  73500 

+  9.O3III 

—0. 1032 

—0. 1619 

0  3-2 

+  6.  357282 

—  8. 148465 

I     3  —  3 

-  1.14531 

+  2. 72466 

+0. 0989 

+0. 1603 

—  I  3—2 

—20. 03269 

— 28.41215 

+0. 0326 

— 0. 0239 

0     3  —  3 

+  19. 48402 

+26.  95993 

I  ,  3  —  4 

—  5.68448 

—  7.80172 

—0.0303 

+0. 0381 

-I     3  —  3 

—  1. 96410 

—  0. 11612 

—0. 0748 

— 0.0132 

0     3  —  4 

+  2.71571 

+  I. 14298 

I     3  —  5 

—  1.02603 

—  0. 54359 

+0. 0718 

+0. 0168 

—  I     3  —  4 

—  0. 10172 

+  0.06235 

+0. 0006 

+0. 0007 

0  3-5 

+  0.21686 

—  0.00518 

I  3-6 

—  0.09729 

—  0.01520 

+0. 0065 

+0. 0008 

-I  3-5 

—  0.00474 

+  0.00465 

0     3  —  6 

+  0.01456 

—  0.00402 

I     3  —  7 

—  0.00741 

+  0.00068 

1  rfR 

n  dt 
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1  dR 

T 

n  dt 

Arg. 

sin. 

COS. 

COS. 

gin. 

H 

t'  i 

// 

// 

// 

// 

  o,  00017 

-1-  0.  0002Q 

1  —  7 

_|_  0, 00090 

  0.  00041 

+  0. 0001 1 

—  I 

4+2 

  0.00005 

+  0.00008 

4+1 

  0.  00004 

-{-  0.00007 

4  o 

0.00017 

—  0.00021 

—  I 

4+1 

—    0.  00203 

—  0.00153 

4—1 

  0.  00029 

-f-  0.00465 

-f  0. 0017 

— 0,  0007 

—  I 

4  o 

+  0.09561 

—  0.08720 

+0.0123 

+0. 0016 

4--I 

—  0.068625 

+  0.068916 

4—2 

  0.00198 

—  0.0561 1 

— 0.0127 

— 0. 0078 

—  I 

4—1 

—     0.  I63I3 

+  I. 71546 

—0. 0072 

—0. 0632 

4—2 

+  0. 210126 

—  I. 519686 

4  —  3 

+  0. 17380 

+  0.44953 

—0. 0043 

+0. 0665 

—  I 

4—2 

—  9-44851 

—  4. 57606 

— 0. 1070 

+0.  0408 

4  —  3 

+  8.87909 

+  4.40965 

4  —  4 

—  2.84258 

-  0.85831 

-\-o.  1050 

— 0. 0371 

—  I 

4  —  3 

+14. 62768 

-15-89793 

— 0. 0182 

—0.0273 

4  -4 

—13.81865 

+15.57488 

4-S 

+  4-09131 

—  4. 67472 

+0. 0268 

+0.  0275 

—  I 

4  —  4 

—  0. 1 2034 

—  1. 78601 

—0. 0166 

+0.041 1 

4-5 

—  0. 40655 

+  2.  37533 

4-6 

+  0.22138 

—  0.  87661 

+0. 0190 

—0. 0384 

— .  I 

4^5 

—  0.07683 

—  0.09770 

—0. 0005 

+0.0004 

4-6 

+  0.05467 

+  0. 19722 

4-7 

—  0.01066 

—  0.08671 

+0.  0022 

— 0.  0041 

4 —  0 

  0,  00050 

—  0.00412 

-1-  0.  oo8'?Q 

_L  0  01100 

4  —  8 

— .  0.  00291 

  0  nrtficn 

4  —  7 

—  0.  000^4 

  0.  00015 

4  —  8 

H-  0. 00077 

+  0.  00075 

4  —  Q 

—  0.00020 

—  0.  00042 

—  I 

S  +  I 

—  0.00031 

  0.00004 

5  —  1 

+  0.00020 

+  0.00048 

+0.0002 

0.0000 

*■ 

5  o 

+  0.00653 

—  0.01387 

+0.0015 

+0. 0010 

5-1 

—  0.004728 

+  0.010044 

5-2 

—  0.00372 

—  0.00531 

— 0, 00095 

—0. 00220 

—  I 

5-1 

+  0. 10176 

+  0.  20473 

+0,  0045 

— 0. 0125 

5-2 

—  0. 07676B41 

—  0. I8132165 

5-3 

+  0.06246 

+  0.03064 

— 0.  0093 

+0. 01 1 7 

5—2 

—  2.02853 

+  0,  15265 

— 0.  04865 

— 0, 00476 

5  —  3 

+  1.887900 

—  0.090724 

5-4 

-  0.  55397 

+  0.21727 

+0,  0488 

+0.  0121 

5-3 

+  2.09722 

—  8. 16344 

+0. 0100 

+0. 0647 

O 

1  

5-4 

—  2.03072 

+  7.80499 
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T 

Axg. 

n 

dt 

sin. 

COS. 

cos. 

sin. 

H 
I 

r 

5  — 

i 

5 

// 

-T  32250 

// 

— 2.  45^30 

// 

— 0. 0074 

// 

—0. 0625 

5  — 

4 

_Li I .  lAcfia 

-4-6  A6261 

— 0. 0216 

+0.01 1 3 

O 

5  — 

5 

—  1  u.  y joyu 

5  — 

0 

-4-1  tRiqc 

-f  0. 0228 

— 0.0159 

5  — 

If 

5 

4-  I.  ^7812 

 0.  til  ^7. 

+0. 0210 

+0. 0143 

o 

5  — 

0 

—  1  •  / 0000 

-^ti.  IUI07 

5  — 

7 

4-  0  6C267 

_4_o  oo6qc 

—0,0188 

— 0.0156 

5  — 

/; 
u 

+  0.07719 

— 0. 08431 

+0. 0003 

+0. 0010 

o 

5  — 

7 

—  0. 15I57 

+0. 08540 

I 

5  — 

Q 
O 

+  0.06594 

— 0. 02677 

— 0. 0022 

— 0. 0025 

/ 

+  0.00254 

—0. 00743 

o 

5  — 

8 

—  0.00946 

-f  0. 01085 

I 

5  — 

9 

-f  0.00500 

—0. 00425 

—I 

5  — 

8 

—  0.00004 

— 0. 00021 

o 

5  — 

9 

—  0.0004s 

-f  0. 00088 

I 

5  — 

lO 

4-  0.00033 

—0. 00059 

I 

o  — 

0  00000 

O 

o 

_|_  00005 

0.  00165 

0 

/: 

D  

  OOOO9 

O  — 

2 

_    0  00068 

0.0000 

—0,0003 

— I 

O  — 

+0.0017 

— 0. 0015 

o 

0  — 

2 

  0  oi8qa20 

I 

g  

3 

1  nriooo 

— 0. 0026 

+0, 0008 

0  — 

2 

—  w,  ^u^uu 

-f-o.  10577 

—0. 0103 

— 0. 0066 

o 

o  — 

3 

0.  ^47395 

 0.  1591^5 

I 

o  — 

4 

  0.  04954 

-f'O.  00524 

4-0, 0090 

+0. 0099 

o  — 

3 

  n     C\ AA1 

—  o.  51443 

— *I .  92108 

— 0. 0106 

+0. 0331 

o 

0  — 

4 

— U  o  aCa6o 
-p  45t-^ 

I 

0  — 

5 

— *  o.  27814 

— 0. 5294^ 

+0. 0148 

—0. 0320 

0  — 

4 

-^0.  20513 

+0. 0360 

+0. 0024 

o 

o  — 

5 

—  5*  97373 

— u.  ^0003 

1 

O  

o 

1    I  RccRo 
~r  05502 

— 0. 10314 

—0. 0340 

— 0. 0040 

—  I 

o  — 

5 

-h7'  13300 

,+0. 0056 

+0,0165 

o 

0  — 

O 

-|-  I .  y^y4u 

— 1>.  yo/ 1 2 

I 

0  — 

7 

-f-2,  14709 

—0. 0078 

—0.0177 

— I 

o  — 

o 

-4-  0  A2CAa 

_Ln  Ayll^fi 

— T~W.  U^A^U 

-fo.  0103 

— 0, 0097 

o 

o  — 

7 

-  0. 34977 

— 1. 20274 

O  — 

Q 
O 

+  0.09974 

-fo.  43618 

— O.OIIO 

+0. 0080 

O  — 

7 

-f-  0.08149 

+0.  05070 

+0. 0009 

—0.0001 

o 

6  — 

8 

—  0.09401 

— 0.  10046 

6  — 

9 

+  0.03261 

+0.04370 

— 0.  0020 

+0,0009 

6  — 

8 

+  0,00724 

+0, 00088 

o 

6  — 

9 

—  0,01098 

— 0. 00540 

I 

6  — 

10 

+  0.00432 

-l-o.  00295 

6  — 

9 

+  0.00042 

—0.00017 
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IdR 

T 

n  dt 

Arg. 

sin. 

COS, 

COS. 

sin. 

H 

i'  i 

// 

// 

// 

0 

6  —  lo 

— 0. 00073 

— 0.  00013 

I 

6-  II 

-|-o.  00020 

-(-0. 00014 

_  J 

7  0 

— 0. 00005 

— 0.00013 

-|-o.  00003 

+0. 00007 

7  —  2 

— 0. 00008 

4-0.00004 

_  J 

+0. 00330 

— 0.00003 

7 —  2 

— 0. 00263 

—0. 00021 

7—  3 

-|-o.  00067 

— 0. 00099 

— 0. 0005 

— 0. 0002 

_  J 

7  —  2 

— 0.01820 

-|-o.  04180 

— 0, 0012 

— 0. 0021 

7  —  3 

-|-o.  01 83 1 5 

—0. 036387 

7  —  4 

-|-o.  00204 

4-0.01448 

+0. 0004 

+0. 0028 

7  —  ^ 

— 0.  26181 

— 0.  26059 

 0. 0072 

-l-O.  00*74. 

7  —  4 

+0. 23753 

4-0-  25143 

7—5 

— 0. 10250 

— 0. 05109 

_|_o.  0092 

— 0.  ooco 

_  J 

7  —  4 

+  1-55438 

—0. 76375 

4-0. 0204 

-l-O,  01 17 

7  —  5 

—1.49566 

+0.71456 

7—  6 

+0. 42479 

—0.31465 

— 0. 0189 

— 0. 0141 

7—  5 

+0.  73029 

+4. 24941 

-l-O.  00^7 

— 0. 0184 

7—  6 

—0.  71031 

—4.  III39 

7—7 

-|-o.  30222 

4-1. 26623 

— 0. 0064 

4-0.  oi6o 

—  I 

7—  6 

— 4. 22658 

— 0. 29928 

-l-O.  01 1  "J 

-[-V.  V*  *3 

— 0. 0020 

7—  7 

+4.  II 906 

4-0, I29I6 

7—  8 

—1. 27156 

—0.01850 

— 0. 0125 

4-0. 00^0 

_  J 

7—  7 

—0. 57462 

-ho.  41645 

— 0, 0040 

— 0. 0068 

7—  8 

+0.  72692 

—0. 40946 

I 

7—  9 

— 0. 26152 

4-0.  1 3 102 

4-0. 0028 

4-0. 0070 

—  I 

7—  8 

— 0. 02589 

+0,07035 

4-0,0001 

— 0. 0008 

7—  9 

-t-O'  05544 

—0. 08595 

I 

7  —  to 

— 0. 02401 

-l-O.  0708*7 

4-0,  0002 

+0.0015 

-  I 

7—  9 

— 0. 00289 

4-0. 00674 

7—10 

+0. 00741 

— 0, 01029 

I 

7 —  II 

— 0. 00514 

-l-O.  00^1  c 

-I 

7—10 

-|-o.  00005 

-l-O.  000^7 

7 —  II 

-(-0. 00054 

— 0. 00105 

7  —  12 

— 0.  0005 1 

_|_o  000C2 

S  —  I 

+0. 00031 

— 0. 00020 

8—  2 

—0.  00024 

4-0.00012 

8-  3 

— 0. 00002 

— 0.00015 

8-  2 

-|-o.  00082 

4-0. 00592 

0,0000 

—0.0004 

8-  3 

— 0. 000378 

—0.005220 

8-  4 

+0.  00147 

+0.00139 

—0. 0002 

4-0,0004 

8-  3 

—0. 05766 

—0.0146 1 

—0. 0022 

4-0.0007 

8-  4 

+0. 05268 

+0.01575 

8-  5 

— 0.01882 

+0. 00319 

4-0. 0026 

0.0000 

8-  4 

+0.  20803 

—0. 30SSS 

+0.0045 

4-0. 0067 

A  NEW  THEORY  OF  JUPITER  AND  SATURN, 


Arg. 

T 

1  dn 

n  dt 

sin. 

COS. 

COS. 

H     i'  i 
o     8   5 

—0. 20424 

-f  0.  28602 

// 

// 

I     8   6 

+0.03879 

— 0. 10928 

— 0. 0031 

—0. 0078 

I        o  ^ 

+0. 84886 

+  1. 10096 

+0. 0104 

— O.OIII 

o     8   6 

— 0.  81414 

—1.06665 

T        8   7 

to  / 

+0.  31429 

+0. 29688 

— 0. 0II6 

+0. 0099 

_  I     8   6 

—2. 66695 

+1.05766 

— 0. 0084 

—0. 0047 

o     8   7 

+2.57958 

—1.05789 

I     8—  8 

—0.  78720 

+0. 39256 

+0. 0073 

+0. 0066 

—  I  8—7 

—0. 39269 

— 2. 32986 

+0.  OCOI 

+0. 0085 

o     8—  8 

+0.48951 

+2,24844 

I     8—  g 

— 0. 16606 

— 0. 69278 

+0. 0003 

— 0. 0080 

.-I     8—  8 

•   -r<5. 34858 

-0.31699 

— 0. 0041 

0. 0000 

o      8—  Q 

+0.36558 

+0. 40092 

I     8 — 10 

—0. 12114 

— 0. 145 13 

+0. 0040 

— 0. 0008 

—  1  8—0 

—0. 05544 

— 0. 00845 

— 0. 0005 

— 0.0001 

o     8  10 

+0. 06957 

+0. 025 1 1 

I     8  — II 

—0. 02535 

— 0.  on  99 

+0.0009 

+0.0001 

—  I     8— lo 

— 0. 00510 

+o.ooi8i 

0     8— II 

+0. 00795 

— 0. 00063 

I  8-12 

—0. 00320 

— 0.00012 

-I     8— II 

—0.00033 

+0. 00046 

0  8—12 

+0. 00069 

— 0. 00057 

I  8-13 

— 0. 00031 

+0. 00029 

  T          O    5 

+0. 00048 

+0. 00059 

n      f\  —  t 
"     9  3 

— 0. 00039 

— 0. 00051 

+0. 00027 

+0. 00002 

— 0. 00836 

+0. 00250 

u      y  4 

+0. 00771 

— 0. 00189 

f      A   e 

*      9 —  5 

— 0. 00201 

+0, 00209 

+0. 0005 

+0. 0002 

+0. 00479 

—0. 06705 

0.0000 

+0.  0021 

o     9  —  5 

— 0. 00660 

+0. 06297 

I  9—0 

— 0. 00557 

— 0. 02090 

+0. 0003 

—0.  0021 

—  I     9 —  5 

+0. 30975 

-f  0. 13250 

+0. 0056 

— 0. 0021 

O       9 —  0 

—0.  29484 

—0. 13197 

I       9  —  7 

-fo.  10452 

+0.01988 

— 0. 0061 

+0.0012 

—  I     9 —  o 

—0. 68623 

+0. 80230 

—0. 0054 

—0. 0079 

o     9 —  7 

-\-o,  66609 

—0. 77607 

1      9  —  o 

 17856 

_l_o.  2767Q 

+0. 0046 

+0. 0082 

—  I     9 —  7 

—  1.03723 

—  1*53330 

—0. 0035 

+0. 0034 

o     9-  8 

+  1.03386 

+  1.47738 

I     9—  9 

— 0.  35780 

—0.44556 

+0. 0035 

— 0. 0027 

-I     9-  8 

+  1.  18867 

— 0.  52024 

—0. 0047 

— 0. 0009 

09—9 

—  I.  12929 

+0.57183 

I  9—10 

+0.  34595 

—0. 18655 

+0. 005 1 

+0. 0009 

—  I     9-  9 

+0. 15083 

— 0. 26204 

+0.0001 

+0. 0023 
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IdR 

r 

n  dt 

sin. 

cos. 

cos- 

sin. 

K 

i' 

i 

it 

ti 

It 

O 

9  — 

lO 

—0,  19290 

-|-o»  20209 

0  — 

II 

-(-0.  07024 

— 0,  Oq^I  I 

+0.0004 

— 0. 0022 

9  — 

lO 

 0.  00227 

— 0,  04014 

— 0.  0002 

+0.  OOO"? 

o 

9  _ 

II 

—0. 00573 

-fo.  05124 

I 

9  — 

12 

-f  0. 00365 

— 0,01890 

-I 

9  — 

II 

—0. 00208 

— 0. 00341 

0 

9  — 

12 

-fo.  00174 

+0.00543 

I 

9  — 

13 

— 0. 00045 

— 0. 00215 

o 

lO  — 

3 

 0.  00007 

— 0. 00003 

lO  — 

4 

-j-o,  00003 

—0.  00004 

—  I 

lO  — 

3 

—0.  00081 

-|-o.  00090 

— 0. 0001 

— 0.0001 

0 

10  — 

4 

-]-o.  0007626 

—0.  0007509 

I 

lO  — 

5 

— 0.  00004 

-|-o.  00040 

+0.  OOOJ 

+0.0001 

lO  — 

4 

— 0.  00484 

— 0.  00979 

— 0.00016 

+0. 00040 

0 

lO  — 

5 

-j-0. 00414 

-|-o.  00930 

10  — 

0 

^-0.  00270 

— 0. 00233 

+0. 0003 

— 0.0004 

lO  — 

5 

-fo.  00777 

— 0.  00776 

+0.0017 

+0.  0002 

o 

lO  — 

0 

— 0. 06474 

+0. 00573 

lO  — 

7 

-|-o.  02036 

— 0. 00842 

— 0.0017 

— 0.  0006 

10  — 

0 

— 0.  05050 

-j-o,  28008 

— 0.0006 

— 0.0042 

o 

10  — 

7 

-|~o.  05961 

— 0.  26943 

lO  — 

is 

— 0. 00162 

+0. 09079 

0.0000 

+0.0043 

10  — 

7 

— 0.  Oy^94 

— 0.  30003 

— 0.0054 

+0. 0023 

o 

lO  — 

Q 
0 

-|-o.  65484 

+0-  35499 

I 

lO  — 

9 

— 0.  22364 

— 0. 08854 

+0. 0054 

— 0.0016 

10  — 

0 
0 

+0. 79847 

—0.84775 

+0. 0010 

+0. 0021 

0 

lO  — 

9 

— 0.  76227 

+0. 84255 

I 

lO  — 

10 

-|-o.  22542 

— 0,  28203 

— 0. 0006 

 0. 0019 

lO  — 

9 

-f  0. 43528 

+0.55215 

— 0,  0012 

+0.  0027 

0 

lO  — — 

10 

— 0. 45999 

—0.51093 

10  — 

1 1 

-pu.  i^4VJi 

— 0. 0030 

—  I 

lO  — 

10 

+0. 18069 

-f  0. 05642 

+  0.  0012 

o 

10  — 

II 

-0.  19758 

—0. 07539 

I 

lO  — 

12 

+0.  06700 

-fo.  02798 

— 0.  OOII 

— 0.  0005 

—  I 

10  — 

II 

-f  0.  02676 

— 0. 00710 

+0.0001 

+0. 0002 

o 

10  — 

12 

— 0-  03465 

-f  0. 00381 

I 

lo- 

13 

+O.OI3II 

— 0. 00047 

0 

ll  — 

4 

—0.  000036 

+0.000132 

I 

5 

+0.  00007 

+0. 00004 

—  I 

4 

—0.00137 

— 0. 00089 

0 

II  — 

5 

-f  0.00125 

+0. 00091 

II  — 

6 

— 0. 00058 

— 0. 00008 

—  I 

1 1  — 

5 

-fo.  00978 

— 0. 00732 

+0. 0003 

+0. 0003 

o 

II  — 

6 

— 0. 00948 

+0. 00663 

25  AST  6 
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1  dR 

T 

41  m 

Arc:, 

sin. 

COS. 

COS. 

sin. 

H 

V  i 

// 

// 

// 

// 

II    7 

-|-o.  00223 

— 0. 00340 

— 0. 0003 

—0. 0002 

II  —  6 

-|-o.  01919 

4-0. 06105 

4-0.  0004 

4-0. 00x2 

11    7 

— 0. 01725 

— 0. 05895 

II   8 

-|-o.  01078 

4-0.  01769 

— 0. 0007 

— 0. 0012 

II    7 

— 0.  23021 

— 0.  00103 

— 0.  0029 

— 0. 0003 

II—  8 

-f  0.  22308 

4-0. 00270 

II    Q 

—0,  07247 

4-0.  01 1S9 

4-0. 0020 

4-0. 0005 

11—8 

4-0. 15237 

— 0. 51520 

4-0. 0005 

-f  0. 0034 

II  —  0 

—0. 14571 

4-0.  50280 

II  — ^ lO 

-f  0.  02946 

— 0.  16672 

— 0.0001 

— 0. 0034 

II  —  Q 

-l-o.  61800 

4-0.  ';672< 

4-0. 0010 

— 0.0001 

II  —  10 

— 0.6I3I4 

—0. 34005 

11  —  II 

-f-o.  2CI17 

4-0. 09678 

— 0.0009 

— 0. 0001 

-I 

11  —  lO 

— 0. 22432 

4-0. 30259 

4-0.0015 

4-0. 001 1 

II  —  II 

4-0. 19704 

—0.31245 

I 

II  —  12 

—0. 05793 

4-0. 09947 

— 0. 0016 

— 0.001 1 

—  I 

II  —  II 

— 0. 00855 

4-0. 1 1339 

4-0. 0003 

^0.0005 

II  —  12 

4-0. 01536 

—0. 12543 

I 

II  — 13 

— 0. 00569 

4-0. 04396 

4-0. 000225 

4-0. 000024 

12—6 

— 0.  00004 

4-0. 00009 

12   C 

4-0. 00085 

— 0. 00182 

12—  6 

— 0. 00092 

4^0. 00167 

12   7 

4-0.  0001 1 

— 0. 00067 

12   6 

4-0. 00925 

4-0. 00855 

4-0. 0003 

— 0. 0002 

12—7 

— 0. 00849 

— 0. 00828 

12—8 

4-0, 00358 

4-0. 00167 

— 0. 0004 

4-0. 0002 

12  —  7 

— 0. 04976 

4-0. 02772 

 0009 

— 0. 0006 

12   8 

4-0.04821 

— 0. 02556 

12   O 

—0.01355 

4-0, 01 160 

4*0. 0009 

4-0. 0007 

12—  8 

— 0. 03667 

—0. 17558 

— 0. 0005 

4-0. 0020 

12  —  O 

4-0. 03378 

4-0. 16944 

1 2   lo 

— 0. 01840 

— 0. 05193 

4-0.0009 

—0. 0020 

4-0. 36928 

4-0.02495 

-f-o.  0025 

4-0. 0001 

12   10 

—0. 35625 

— 0. 02310 

I 

12 —  II 

4-0. 1 1 091 

— 0.00180 

— 0. 0025 

— 0. 0003 

12  —  10 

— 0. 12776 

4-0. 421 18 

— 0.0003 

— 0.0012 

12 —  II 

4-0. 1 1445 

— 0. 40722 

12  —  12 

— 0. 03014 

4-0. 12294 

0.0000 

4-0.0012 

12 —  II 

—0. 19867 

—0. 05897 

0 

12 —  12 

4-0, 19542 

4-0.04158 

12-13 

—0.05857 

— 0. 00965 

MUTUAL  PERTURBATIONS  OF  THE  FIRST  ORDER 

The  developments  of      and  ^       which  follow,  have  the  form 


r 

Arg. 

n' 

dt 

sin. 

COB. 

COB* 

Bin. 

H 

it 
% 

I 

i 

0 



// 

516.95043 

— 

1.069530 

// 

+0. 1737 

+0. 3861 

2 
I 

o 

0 

+ 

58.  58491 
37.48124 

+ 

43- 19474 
28. 53854 

—1.5295 

—1.0304 

O 

0 

+ 

8. 631067 

5. 350080 

+1.552265 

+  1. 106428 

_I 

3 

o 

3-  02325 

+ 

8.39040 

—0. 2303 

—0.  3870 

2 

0 

+ 

2. 24989 

— 

6. 55349 

I 

o 

+ 

0. 80623 

0.  74136 

+0. 0568 

+0.  2747 

 1 

4 

0 

+ 

0.  21579 

+ 

1. 00619 

— 0.0060 

—0. 0758 

3 

o 

— 

0.  19036 

— 

0.83455 

2 

o 

+ 

0.05554 

0. 10394 

— 0.0172 

+0.0347 

—  I 

5 

o 

+ 

0. 07799 

+ 

0. 08407 

+0.0041 

— 0.0101 

4 

o 

— 

0. 06780 

— 

0. 07134 

3 

o 

+ 

0.00109 

— 

0.01303 

— 0.0044 

+0. 0024 

—  I 

6 

o 

+ 

0.01205 

+ 

0. 00368 

+0. 001 1 

— 0.0009 

5 

o 

0.01044 

0. 00306 

4 

0 

0.00051 

0. 00137 

— 0. 0006 

— 0.0001 

6 

o 

0. 001 14 

+ 

0. 00024 

5 

o 

0.00013 

0.00012 

—  3— 

—  4— 

+ 
+ 

0.00060 
0. 00099 

+ 
+ 

0.00053 
0.001  S3 

—0.0001 

+0. 0006 

—  2— 

—  3— 

+ 
+ 

0. 00745 
0.01341 

+ 
+ 

0. 00309 
0.00951 

—0.0016 

+0. 0023 

—  4— 

0. 02257 

0.01363 

-f  0. 0067 

— 0.  0010 

—  I— 

—  2— 

+ 
+ 

0. 081 15 
0.1 1 730 

+ 
+ 

0. 01269 
0. 02646 

— 0.  0212 

+0.0098 

—  3— 

0.21738 

0. 02439 

+0. 0493 

+0. 0104 

o — 
—  I— 

+ 
+ 

0. 99324 
0. 69522 

+ 
+ 

0. 95414 
0. 16626 

— 0. 4406 

— 0.  5806 

I. 60135 

+ 

o-  33043 

+0. 2174 

+0. 1068 

I — 

2. 26425 

50.  58646 

+1-9137 

+4.  2296 

10. 1 1 588 

8. 54976 

—1-9733 

—4.  2290 

2  — 
I  — 

+  30.6172 
—331.8120 

+  129.6082 

— IS79- 2S37 

+0.  389s 

— 0. 1918 

0— 

+413. 9052 

+  1977.8997 

— 0. 0761 

+0.571 1 

3— 

62. 89740 

27.54848 

— 0. 8100 

+0. 8220 

2 — 

+  37.58748 

40.  59165 

+ 

0.  77630 

+ 

22. 61485 

+0. 8812 

-0.8551 

4— 

15. 19654 

0.57900 

—0.  3667 

+0, 1240 

O 

3— 

+ 12.56079 

2.  56986 

I 

2— 

0.  23716 

+ 

I. 78715 

+0. 2797 

— 0. 0291 
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— 

T' 

1 

5E' 
dt 

sin 

COS. 

COS. 

sin. 

H 
—  I 

5- 

i 

it 

2,  06132 

_L 

r 

0  80621 

/; 

— 0. 0803 

0 

4 — 

+ 

1.83429 

0.  96681 

3— 

+ 

0.  02828 

+ 

0.  21024 

-|-o.  0410 

+0. 0245 

- 

6— 
5- 

I 

+ 

0. 17839 
0. 16476 

+ 

0.  22186 
0. 21309 

— 0.  01 12 

— 0. 0080 

4 — 

+ 

0.  01448 

+ 

0. 02047 

-1-0. 002q 

+0. 0065 

—  I 

7— 
6— 

I 
I 

+ 

0.  00563 
0.  00555 

+ 

0.  03301 
0,03126 

— 0.  0003 

— 0.0002 

I 

5- 

I 

+ 

0. 00264 

+ 

O.OOII3 

— O.OOOI 

-|-o.  0009 

 I 

I 

8— 

7— 
6— 

I 
, 
I 

+ 
+ 

0.  00124 
0.00117 
0.00033 

0. 00347 
0.  00339 
0.  00018 

—  2— 

2 

0.00003 

+ 

0.00035 

2 

0.00019 

+ 

0.00514 

-f-o.  0008 

+0. 0010 

—  2— 

2 

+ 

0.00003 

0.  00510 

—  3— 

2 

0.  00021 

0.00985 

-|-o.  0005 

— 0.  0039 

o — 

2 

+ 

0.  03874 

+ 

0.13724 

— 0.  0222 

— 0.  0429 

2 

+ 

0.  01 188 

+ 

0.  06591 

—  2— 

2 

0.  03406 

0. 09873 

+0.  oio8 

— 0. 0386 

I— 

2 

0.  73080 

4.  73524 

-|-o.  2770 

+0.  691 1 

—  I— 

2 

0.  70265 

2.  02830 

— 0.  0700 

—0. 7337 

2 — 

2 

0. 16574 

+  61.01074 

— I . 8224 

-|-o.  4418 

I  — 

2 

35.  34786 

— 181.96074 

O — 

2 

+  186.  12850 

5721 

—0.  ssss 

—  I 

3— 

2 — 

2 
2 

+337.63347 
—278. 21229 

—139-59991 
+  110.  17461 

— 0. 4087 

— 0.  2854 

I — 

2 

+  30.  38905 

11.54497 

-j-o.  150D 

-j-0. 2050 

4— 

2 

+  65-51974 

85.33376 

+0. 3637 

+0-5514 

3— 

2 

58.  54893 

+  74.51370 

2 — 

2 

+ 

2.  13473 

9.  37408 

— 0.  4048 

— 0. 6105 

5— 

2 

+ 

2.  50567 

20.  38129 

+0. 03434 

+0. 29178 

4— 

2 

2.57967 

-t-  18.61784 

3— 

2 

0,  95705 

I.  69618 

-|-0,  OIOD 

—0, 2337 

—  I 

O — 

2 

I. 31008 

2.94476 

— 0. 0258 

+0. 0699 

5— 

2 

I. 1766033 

+ 

2.  7790743 

4— 

2 

0.  293699 

0. 123765 

-f-Ot  029a 

—0. 0385 

7— 

2 

0.  37201 

0.  25777 

— 0. 0109 

+0.0097 

e 

O — 

2 

+ 

0.  3484314 

+ 

0. 25 1 732 1 

I 

5- 

2 

0.  04472 

0.  01049 

+0. 00804 

—0. 00254 

8- 

2 

0.  05907 

0.  00340 

— 0. 0024 

+0. 0006 

7— 

2 

+ 

0.  05646 

+ 

0.00441 

6— 

2 

0.  00400 

+ 

0.  00456 

4-0.0012 

-(-0. 0004 

9— 

2 

0.00639 

+ 

0,  00354 

o 

8- 

2 

+ 

0.00615 

0.  00330 

I 

7— 

2 

0.  00002 

0,00086 
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1 

r 

n' 

at 

Arg. 

sin. 

COS. 

COS. 

sin. 

H 

X  x 

// 

// 

// 

—  I 

—  1—3 

— 

0.00007 

+ 

0. 00026 

—  I 

o—  3 

+ 

0. 00059 

+ 

0. 00814 

^  — 0. 0014 

—0. 0045 

O 

—  1—3 

0.00039 

+ 

0. 00504 

I 

—  2—3 

+ 

0. 00197 

0. 00509 

— 0. 0017 

— 0. 0024 

—  I 

I—  3 

0. 09853 

0. 40700 

-fo.  0289 

+0. 0516 

I 

—  1—3 

0.01560 

0. 15803 

—0.0271 

— 0. 0634 

—  I 

2—  3 

+ 

0. 36186 

+ 

5.38023 

— 0.0156 

— 0. 0099 

o 

I—  3 

2.94534 

15. 10743 

I 

o—  3 

+ 

3- 25176 

+ 

15.08398 

+0. 0183 

— 0. 1219 

—I 

3—  3 

+ 

3. 84726 

17. 12524 

+0. 0260 

+  I.2I06 

o 

2—  3 

7.54317 

+ 

9- "937 

I 

I—  3 

+ 

1. 62923 

I . 80976 

—0.0004 

—1.2323 

— I 

4—  3 

+  134.  73558 

+189-55633 

—0. 2762 

+0. 3342 

o 

3-  3 

—119. 45859 

—165. 32601 

I 

2—  3 

+  21.79101 

+  30.21788 

+0. 2371 

—0.  i8o8 

— I 

5—  3 

+  79-63698 

+  39.02827 

+0. 3297 

— 0. 1265 

0 

4—  3 

72. 57969 

— 

36.04776 

I 

3—  3 

+  12.09393 

+ 

2. 94027 

-0. 3798 

+0. 1575 

—I 

6-  3 

+  20.  55631 

I. 24009 

+0.  2045 

-f-o.  0190 

0 

5-  3 

19. 29003 

+ 

0.  92685 

I 

4—  3 

+ 

2. 46966 

I. 13752 

— 0. 1704 

—0.0374 

— I 

7—  3 

+ 

3. 14534 

2. 09648 

+0. 0522 

+0. 0330 

o 

6-  3 

3-03342 

+ 

1.95084 

I 

S-  3 

+ 

0.  23109 

0. 42504 

— 0. 0302 

—0.0317 

—I 

8-  3 

+ 

0.  26103 

0.  54421 

+0, 0069 

+0,  0120 

o 

7—  3 

0. 26202 

+ 

0.  52050 

I 

^  3 

0. 00941 

0. 07521 

— 0. 0015 

— 0.  oooo 

—I 

9—  3 

0. 00817 

0. 08750 

-f-o.  0002 

-[-0. 0026 

0 

8-3 

+ 

0. 00618 

+ 

0. 08532 

I 

7-  3 

0. 00731 

0.00807 

-{-0. 0006 

— 0. 0013 

—I 

lo—  3 

0. 00727 

0. 00964 

o 

9—  3 

+ 

0. 00690 

+ 

0. 00957 

I 

8-  3 

0.00153 

0. 00033 

—I 

3 

0.00014 

0. 00018 

o 

lo—  3 

0,00138 

+ 

0. 00066 

I 

9—  3 

+ 

0. 00039 

+ 

0. 00049 

—I 

o—  4 

+ 

0. 00018 

+ 

0.00090 

— I 

I—  4 

0. 00724 

0. 03283 

+0.0019 

+0.0037 

I 

—  1—4 

0. 00139 

0. 01029 

—0. 0022 

—0. 0038 

—I 

2—  4 

+ 

0. 04884 

+• 

0.  39446 

— 0. 0003 

—0.0039 

o 

I—  4 

0. 23013 

I.  15266 

I 

o—  4 

0. 25078 

+ 

I. 16180 

— 0. 0039 

— 0.0015 

—I 

3—  4 

0. 37993 

0. 90147 

— 0. 0301 

+0. 0364 

0 

2—  4 

0. 14280 

+ 

0. 51720 

I 

I—  4 

+ 

0.  U784 

0. 05486 

— 0. 0529 

—0.0544 

— I 

4—  4 

+  17.26822 

+ 

1.98797 

+0. 7245 

+0. 1398 
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ArfiT. 

T 

1  dn 

m'  dt 

sin. 

COS. 

COS. 

sin. 

X 

o 

i'  i 
3—  4 

It 

—12.48753 

tl 

—  5*25909 

*t 

I 

2—  4 

+  2.57442 

+  1. 46913 

-0, 7438 

—0. 1596 

—I 

S-  4 

—94.  22508 

+104. 08309 

+0. 2273 

+0,  2489 

0 

4—  4 

+84.71691 

—  95-48370 

I 

3-  4 

—18.  79588 

+  20.99078 

--0. 141 5 

— 0. 2096 

—I 

6-4 

—16. 50867 

+  64. 12834 

— 0. 0225 

-o- 1735 

0 

S-  4 

+15.56199 

—  59.81178 

I 

4—  4 

—  1.24466 

+  II.  54170 

+0.0414 

+0.  2134 

— I 

7—  4 

+  4. 56295 

+  17.62466 

+0.0406 

—0. 1287 

o 

6-4 

—  4. 18134 

—  16.81242 

I 

5—  4 

+  1.44161 

+  2.55979 

— 0. 0469 

+0. 1 1 1 1 

—I 

8-4 

+  2.67978 

+  2.75756 

+0. 0334 

—0. 0341 

o 

7—  4 

—  2. 54838 

—    2. 69748 

I 

6-  4 

+  0.53021 

+  0.25365 

— 0. 0297 

+0. 0201 

—  I 

9—  4 

+  0.66570 

+    0.  18655 

+0.01 16 

— 0. 0037 

o 

8-4 

—  0. 64584 

—    0. 19308 

I 

7—  4 

+  0. 10036 

—  0.01604 

— 0. 0081 

+0.0001 

— I 

10 —  4 

+  0. 10783 

  0.  02505 

+0. 00257 

-|-o.  00047 

o 

9—  4 

—  0. 10644 

+  0.02613 

I 

8 —  4 

+  0.01155 

—  0. 01 104 

—0, 0013 

 0.  0008 

— I 

II—  4 

+  0. 01 1 70 

—    0. 01 199 

+0. 0004 

+0,  0003 

o 

10 —  4 

—  0. 01 16886 

+  0.  on  5086 

I 

9—  4 

+  0.00039 

—   0. 00227 

—0. 0001 

— 0. 0003 

o 

II—  4 

—  0. 00062 

+    0. 00223 

I 

10 —  4 

—  0.00060 

+  0. 00065 

— I 

I-  S 

—  0.00049 

—  0. 00241 

I 

-I-  5 

—  0.00017 

—  0. 00078 

— I 

2-  5 

+  0,00500 

+  0.02873 

o 

I-  5 

—  0.01734 

—  0.08493 

I 

o-  5 

+  0.01789 

+  0.08566 

—I 

3-  5 

—  0.02898 

—  0. 04060 

— 0. 0041 

+0.0006 

o 

2-  5 

—  0.00303 

+  0. 02673 

I 

I-  5 

+  0.00352 

—  0.00005 

— 0.0014 

— 0.  0005 

—I 

4-  5 

+  0. 99604 

—  0. 5222c 

+0.0316 

+0.0378 

o 

3-  5 

—  0. 79776 

+  0. 01884 

I 

2-  5 

+  0. 16006 

+  0.07095 

— 0. 0528 

+0. 0080 

— I 

5-  5 

+  0.60860 

+  14.24175 

+0. 1725 

—0. 3986 

o 

4—  5 

+  1*99383 

—  II. 64981 

I 

3-  S 

—  0. 78322 

+  2,68920 

—0, 1886 

+0. 4126 

— I 

6-  s 

— 71.52119 

—  40. 27642 

+0. 2047 

—0. 1320 

o 

S-  5 

+67. 06263 

+  36. 69579 

I 

4-  5 

— 16.31481 

—  9.09478 

—0. 1735 

+0, 0876 

—I 

7-  S 

—46.40372 

—    2. 01085 

—0. 0776 

—0.0115 

o 

6-  5 

+43. 94724 

+     1. 91709 

I 

s-  s 

—  9. 29195 

+    0. 60525 

+0. 1073 

+0. 0025 

—I 

8-5 

—13-30987 

+  6.47574 

—0. 0726 

— 0. 0436 
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1 

n' 

dt 

Arg. 

sin. 

COS. 

COS. 

sin. 

i' 

// 

// 

// 

ii 

o 

7- 

5 

+12.83709 

—  6. 13302 

I 

6— 

5 

—  2. 16221 

4-  1.65307 

^  +0^0647 

+0. 0454 

—I 

9— 

5 

—  2.02539 

+  2.90856 

— 0. 0192 

— 0. 0291 

8— 

5 

+  2.00370 

—  2,80560 

7— 

5 

—  0. 19946 

+  0. 58058 

+0.01 1 1 

+0. 025 1 

—I 

10 — 

5 

—  0. 06333 

+  0.  70862 

— 0. 0011 

— 0.0100 

9- 

5 

+  0.07275 

—  0.69450 

I 

8— 

5 

+  0.02979 

+  0. 11411 

—0, 0010 

+0. 0070 

—I 

II— 

5 

+  0.05337 

+  0. 1 1438 

+0.0009 

— 0. 0022 

10— 

5 

—  0.05076 

—  0. 1 1400 

5 

+  0.01501 

-h  0.01342 

— 0. 0009 

+0,  001 1 

—  I 

12  — 

-|-  0. 01710 

+  0. 01 185 

+0.0003 

— 0. 000^ 

11  — 

—  0. 01 009 

—  0.01233 

lO— 

+  0.00338 

+  0.00084 

— 0. 0002 

0.0000 

13 — 

-f-  0.00282 

-|-  0.00050 

12 — 

—  0.00333 

—  0.00036 

1 1— 

+  0.00037 

-|-  0.00005 

I — 

6 

—  0.00126 

—  0.00612 

—I 

3— 

6 

—  0.00174 

—  0.00171 

2— 

6 

0.00000 

-|-  0.00159 

I— 

6 

+  0.00004 

—  0.00007 

—I 

4— 

6 

+  0-04495 

—  0.04847 

+0. 0002 

+0.0038 

3— 

6 

—  0.04464 

+  0.01233 

2 — 

6 

+  0.00823 

+  0.00215 

— 0, 0021 

+0. 0001 

—I 

5- 

6 

+  0.  64099 

-h  0.87014 

+0, 0363 

— 0.0196 

4— 

6 

—  0.  22344 

—  0.80607 

3— 

6 

—  0.00516 

+  0. 19707 

—0.0127 

+0,0378 

— I 

6- 

6 

—10. 35397 

+  2.37338 

—0. 2010 

—0. 1476 

5- 

6 

+  9. 13914 

—  0.51939 

4— 

6 

—  2. 30015 

—  0. 10173 

+0. 2098 

+0. 1604 

—I 

7— 

6 

+13. 13057 

—44-  99210 

— 0. 0635 

—0. 1547 

6— 

6 

—11.82843 

+42.83535 

5- 

6 

+  3- 19966 

— II,  12902 

+0, 0422 

+0. 1331 

—I 

8— 

6 

—  5-42124 

—30.71983 

—0.0152 

+0. 0259 

7— 

6 

+  5.0S044 

-I-29. 40624 

6— 

6 

-  I.  56414 

—  6.61780 

+0.0123 

— 0. 0467 

—I 

9— 

6 

—  6.90697 

—  8.96409 

— 0. 0346 

+0. 0370 

8- 

6 

+  6.65490 

-h  8.71890 

7— 

6 

—  1.67922 

—  I.  q6'?6Q 

+0.0351 

—0.0343 

—I 

10 — 

6 

—  2.78286 

—    I.  21282 

—0. 0226 

+0. 0087 

9— 

6 

+  2.71095 

+  I.2I3I7 

8— 

6 

—  0.56704 

—  0. 10429 

+0. 0194 

— 0. 0045 

II — 

6 

—  0,66978 

-l-  0.06823 

— 0. 0077 

—0.0009 

10 — 

6 

-|-  0.66150 

—  0.05841 

9— 

6 

—  0. I 1282 

+  0.04610 

+0.0053 

+0.0018 

12— 

6 

—  0. 10593 

-f  0.07651 

— 0,0017 

— 0.001 1 

88 
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1  dR' 

T 

n'" 

dt 

Arg. 

sin. 

COS. 

COS. 

sin. 

H 

// 

// 

O 

II—  6 

-f  0. 10644 

—0. 07464 

10—  6 

—  0.0129s 

+0.01935 

-1-0,0009 

+0.0010 

13 —  6 

  0.  01044 

-j~o.  02091 

12 —  0 

-|-    0.  OII34 

— 0, 02052 

II —  0 

  0.  OOII7 

+0. 00377 

14 —  0 

  0.  00020 

-|-o.  00040 

12 —  0 

-f-  0.00055 

— 0.  OOII2 

-I 

4—  7 

0.00160 

—0.  00329 

3—  7 

  0.0024 

-fo.  0012 

2 —  7 

4.  0.00058 

-|-o.  0001 1 

-I 

5-  7 

-f.  0.06154 

+0.03657 

+0. 0036 

+0.0003 

4—  7 

_  0.0294 

— 0.  0456 

3-  7 

4-  0.00263 

+0.  01 163 

— 0. 0013 

4-0. 0020 

—  I 

6—  7 

_  0. 64180 

+0.  68033 

— 0. 0087 

— 0. 0295 

5-  7 

+  0.6636 

-o-  3741 

4—  7 

_  0. 18233 

+0. 05361 

+0.  0220 

4-0. 0190 

—I 

7—  7 

—  3-04SS9 

—6.  78447 

— 0. 1067 

+0, 0912 

6-  7 

+  I.  8381 

+6. 3201 

5-  7 

—  0.33211 

—1.69777 

4-0. 1 1 64 

— 0. 0956 

—  I 

8-  7 

_|.26. 22716 

+1.25454 

— 0. 1089 

4-0. 0200 

7—  7 

-25.  2525 

— 0.  7917 

6—  7 

-1-  6.88722 

+0.31847 

+0. 0953 

— 0. 0108 

-I 

9—  7 

_|-i8, 73810 

-7.  60789 

4-0. 0020 

4-0. 0090 

8—  7 

—18.0735 

+7.4121 

7—  7 

+  4.25317 

—2.09548 

— 0. 0158 

— 0. 0097 

—I 

10 —  7 

+  5.36501 

—6.  29392 

+0. 0161 

+0. 0243 

9-  7 

—  5.2494 

+6. 1 1 70 

8—  7 

+  0.  96673 

—I.  50824 

— 0.0158 

— 0. 0248 

—I 

II—  7 

+  0.51209 

—2. 40578 

10 —  7 

—  0.5223 

-f-2.  3601 

9—  7 

+  0.00785 

— 0.  50066 

— 0. 0003 

— 0.0138 

—I 

12 —  7 

—  0. 17451 

-0.57187 

—0.  0020 

4-0.  OOKA. 

II—  7 

0. 1662 

+0.  5679 

10—  7 

—  0.05982 

 0.  09927 

+0. 0022 

 0.0038 

13—  7 

—  0. 09269 

— 0. 08706 

— 0. 0012 

+0. 001 1 

12 —  7 

-f-  0. 089 1 

+0.  0870 

II —  7 

—  0.01989 

— 0. 00967 

+0. 0009 

— 0. 0006 

14—  7 

—  0. 00179 

— 0. 00I7I 

12 —  7 

4-  0. 00501 

-fo.  00458 

— I 

S-  8 

-f  0.00510 

+0. 00104 

4-  8 

—  0.0024 

— 0. 0024 

3-8 

—  0.00051 

-}-o.  00056 

—  I 

6—  8 

—  0.02106 

+0.06573 

4-0.0009 

— 0. 002^ 

S-  8 

+  0.0363 

—0.0417 

4-  8 

—  0.01205 

+0. 00730 

+0. 0012 

4-0.0018 

7-  8 

—  0.  63382 

—0. 40047 

— 0. 0215 

4-0.0015 
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T' 

I 

n' 

dt 

Arg. 

sin. 

COS* 

COS. 

sin. 

H 

i'  i 

// 

// 

// 

// 

O 

6 —  8 

4323 

-f-  0.  4620 

5-  8 

— 0. 08S52 

  0,  13862 

^— o«  0103 

8—  8 

-h4'  01390 

—  2.  92508 

+0. 0349 

tO.  0093 

7—  8 

— 3' 8994 

+  2. 1963 

6—  8 

—  u.  5W031 

— w.  0309 

^~o.  0701 

9-  8 

-f-2.  5I009 

4- 14. 20255 

— 0.  0006 

0 —  5 

•  —3.0009 

—13-7838 

7-  8 

-f-u.  77454 

~\-  3*90507 

-4-0  oftvi'? 

 0.  OU29 

lo—  8 

+7'  27448 

-j-io.  50958 

-f-o.  0024 

-f-o.  0003 

9—  8 

—7.  1304 

— 10. 1895 

8—  8 

•4- 1  ocooo 

T  2.47755 

^~o.  0042 

II—  8 

-j-5.  I2b3» 

4-  2.7077** 

-Lo  Of  e  f 
~y-".  "*5  * 

 0.  0053 

10 —  o 

 C  OfrR 

J*  "17" 

—  2. 7204 

9—  8 

-]-  * .  £^oyfj 

T  0.49213 

 fi  r*f  Cn 

V'  *^*5" 

-|-o.  0057 

12 —  8 

4*0.  0104 

•+0. 0007 

II—  8 

— I.  8807 

  0238 

10 —  5 

— o.  0091 

— 0. 0017 

-fu.  44791 

—  0.  24774 

-Lo  0057 

-j-o.  0022 

12 —  0 

0.  4434 

+  0.  2352 

II —  8 

-Lo.  077IO 

  065  I  I 

0.  0025 

 C02I 

—  I 

14 —  8 

+0.  00868 

12 —  5 

—  0.  02*206 

0—  9 

-l-o  Ortft'^n 

T  0.  00423 

5—  9 

•4-0. 001  c 

  0.  0030 

4—  9 

— 0. 00072 

-i-  n  ftoofif 

7—  9 

— 0. 06068 

— 0.  0020 

— 0. 0010 

0 —  9 

4-0.  od^o 

0.  02 1 9 

5—  9 

— 0.  OOQA2 

+0.  ooi8 

— 0.  0005 

»—  9 

—  53*9^ 

— 0. 0022 

+0.  0142 

7—  9 

_i    0  yionfi 

0 —  9 

-l-O  08  c  26 

~~  U(  uyuoy 

—0. 0033 

—0.0133 

9—  9 

-|_2.  40 1 0 

1     i»   1  tf  f  t 

-h  2. 1511 

+0.0413 

— 0.0091 

8—  9 

^— I  on2n 
1 . yy^u 

7—  9 

-y-  *j.  wfyu 

— 0. 0460 

+0.  0095 

10 —  9 

1      n    Al AO 

+0. 0434 

+0.  0096 

9—  9 

-L6  OS'S! 

—  3'  5"52 

<*—  9 

0293 

— p  0.  9091 

— 0. 0390 

— 0.0106 

11—  9 

J*  3431 

-h  5-0259 

+0. 0072 

-|-0.  0021 

10 —  9 

+5. 1930 

—  5- 7390 

9—  9 

—1.2898 

+  1.5666 

— 0. 0023 

+0.  0001 

—  I 

12 —  9 

—1. 1080 

+  3- 8293 

— 0. 0005 

— 0.  0085 

II—  9 

+I.09I7 

—  3.7671 

10 —  9 

—0. 1705 

+  0.9368 

+0. 0010 

+0.  0093 

13—  9 

+0. 3036 

+  1. 4189 

+0. 0021 

— 0. 0065 

O 

12 —  9 

—0. 2763 

-  1.3854 

II—  9 

+0. 1023 

+  0.2936 

— 0. 0021 

+0.0054 
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1  mi 

n'" 

Arg. 

sin. 

COS. 

COS, 

sin. 

H 

It  £ 

// 

It 

II 

14—  9 

OOC7 

•4-0  0274 

I 

12 —  9 

— 0. 0168 

— 0.  0766 

—I 

7—10 

— 0.  0053 

+0, 0016 

6 — 10 

+0. 0027 

+0. 0006 

5—10 

-f  0.0004 

— 0. 0005 

0  10 

+0.  0098 

.— 0. 0529 

—0.  001 1 

+0.0013 

y — 10 

—0. 0318 

+0. 0441 

10 

+0. 0202 

— 0. 0109 

+0.  0002 

— 0. 0014 

^—10 

4-0. 4082 

+0. 0610 

+0. 0087 

+0. 0033 

Q  f 

—0. 3414 

—0. 1233 

7^— 10 

+0. 0868 

+0.047S 

— 0. 0000 

— 0. 0004 

10 — 10 

—0. 9941 

+1.7732 

+0.  0009 

— 0. 0228 

10 

+1.0641 

—1.5597 

g  IQ 

— o-  3335 

+0. 4226 

— 0. 001 3 

+0, 0257 

1 1  —  JW 

—2.  7624 

—3.  2038 

+0,  01 13 

— 0, 0247 

10 — 10 

-f-2.  8206 

+3. 1320 

9 — 10 

—0.  8087 

— 0. 951 1 

— 0.  01 16 

+0. 0224 

12  10 

A      Y  fit 
 4.  1013 

—2.  3639 

+0, 0040 

— 0. 0054 

1 1*"™10 

-f  4.  1346 

+2.  2935 

10—10 

—  I.  i'?6o 

— 0.  S7'?Q 

^*  J/ 07 

— 0. 0022 

+0, 0027 

 I 

13—10 

 0. IA7I 

—0. 0043 

— 0. 001 1 

12—10 

+2.  6208 

+0.  i6q8 

11—10 

— 0.  6290 

+0,  00*18 

+0. 0047 

+0.0006 

—1 

14 — 10 

 0*  0522 

—0.  0029 

I 

12—10 

-4-0  007  7 

—  1 

0^— I  I 

— 0.0004 

— 0.  0043 

7  11 

— 0.0021 

+0. 0042 

-j-o.ooi8 

— 0.  0012 

9 — II 

+0.0391 

— 0. 0142 

+0. 0007 

+0.0009 

A    I  r 

—0. 0354 

+0. 0027 

7 — II 

+0. 0092 

+0. 001 1 

— 0.0010 

— 0, 0004 

10 — 1 1 

+0. 0184 

+0.  2888 

+0. 0033 

— 0. 0048 

9 — II 

+0. 0288 

—0. 2571 

0 — 1 1 

— 0. 0171 

+0. 0706 

—0.0017 

+0, 0053 

1 1  — 1 1 

—1. 2030 

-0. 3558 

— 0.0II5 

—0. 0036 

lO— 1 1 

+  1.  lOIO 

+0. 4203 

9 — II 

^.3117 

—0. 1426 

+0.0133 

+0. 0043 

+1.2409 

-1.8777 

— 0. 0130 

— 0. 0100 

11  —  1 1 

—1.2078 

+1.9158 

I 

10— II 

+0. 3848 

—0.  5626 

+0.01 19 

+0. 0099 

13—11 

+0.7830 

-2.  8595 

—0. 0036 

— 0.0041 

12 — II 

~o.  7656 

+2.  7234 

II— II 

+0. 1932 

—0.  7059 

+0. 0021 

+0. 0029 

14—11 

+0. 0150 

--O.0549 

12— II 

— 0, 0428 

+0.  1557 
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Arg. 


i'  i 

9  —  12 

8-  12 

7—  12 

10 — 12 

9—  12 

8—  12 
II  — 12 
10—12 

9—  12 

12—  12 
II  — 12 
10 — 12 

13—  12 
12—12 
II  — 12 

14—  12 
12—12 


1  dR' 

T 

n'  di 

sin. 

COS. 

COS. 

sin. 

// 

// 

// 

// 

-f  0, 0026 

— 0. 0031 

— 0. 0027 

+0. 0024 



-fo.  0010 

— 0.  OOII 

-fO»Ol62 

+0. 0263 

+0. 0007 

— 0. 0003 

-  0.0081 

— 0. 0249 

-f  0.0009 

+0. 0066 

— 0. 0004 

+0,0006 

—0. 1888 

+0. 0523 

— 0. 0025 

— 0. 0026 

+0.1770 

— 0.0195 

—0. 0514 

— 0.0009 

+0. 0029 

+0. 0019 

-f  0. 041 1 

— 0. 7440 

— 0. 0034 

+0. 0056 

— 0. 0864 

+0.  7047 

+0.0358 

— 0.  2076 

+0. 0039 

— 0. 0064 

+  1. 2761 

+0. 2766 

— 0. 0072 

+0. 0053 

—1. 1982 

— 0. 2550 

+0, 3206 

+0. 0902 

+0. 0068 

— 0. 0046 

+0. 0245 

+0.0053 

— 0. 0694 

— O.OIS3 
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The  preceding  expressions  have  to  be  integrated,  consequently  we  give  the 
logarithms  of  the  factors  proper  to  each  argument : 


Logarithms  of  the  integrating  factors  for  Jupiter. 


Arg. 

1  w 

Arg. 

1  n 

Arg. 

1  ^ 

Arg. 

1  n 

°S  iV  +  i» 

°^  iV  +  tn 

iV  +  ttt 

^°^iV  +  tn 

i'  % 

t' 

i 

i'  i 

i'  i 

o —  I 

0.  OCXXXXJOW 

3  — 

5 

9. 421 1383/; 

6—  6 

9.  445  6460/? 

9—  9 

9-  26955/? 

O—  2 

9.  6989700/? 

3  — 

6 

9-  3i94g« 

6-  7 

9- 3387663« 

9 —  10 

9- 19546« 

9.5228787« 

3  — 

7 

9.  23718// 

6-  8 

9-  2530636/? 

9—  II 

9. 13219/? 

o  — 4 

9-  39794« 

3  — 

8 

9.  i68o/z 

6-  9 

9.  18152/? 

9 —  12 

9. 07697/? 

0-5 

9. 3010W 

3  — 

9 

9. 1084// 

6 —  10 

9. 1 201 1/? 

9—13 

9. 02799/? 

o  — 6 

9. 22l8« 

6— II 

9.  0663/? 

4  + 

2 

10 —  3 

I  -f-  5 

4  + 

7  0 

y-  jT-yy 

10  —  4 

I.  ^7000 

1+4 

9- 3563 

4 

0 

9- 7929735 

7  —  I 

9.  74021 

10-  5 

0. 01 182/? 

I  +3 

9. 46818 

4  — 

0.  2141409 

7  —  2 

0. 08682 

10  —  6 

9.  70484/? 

1+2 

9.61930 

4  — 

2 

0.  4097644/; 

7—  3 

0.  7418456^ 

10 —  7 

9.52678/? 

i  +  i 

9. 8S30395 

4  — 

3 

9.  8572177/Z 

7—  4 

9.  9276772/? 

10—8 

9.  40087/? 

I  0 

0. 3950335 

4  — 

4 

9.  62i7373« 

7-  5 

9.  6613048/? 

10 —  9 

9-  30337« 

I  —  I 

0. 2237972W 

4  — 

5 

9. 4698956/? 

7—  6 

9-4974092W 

10 —  10 

9.  22380/? 

I  — 2 

9. 7966097^ 

4  — 

6 

9-  357609O« 

7—  7 

9-  3786993« 

10 —  II 

9, is6S7« 

1—3 

9. 5»5475t>« 

4  — 

7 

9.  26847/? 

7—  8 

9-  28557« 

10 —  12 

9. 09837/? 

1—4 

9. 44402 I 6« 

4- 

8 

9- i9455« 

7—  9 

9. 20893/? 

10—13 

9. 0471/? 

1-5 

9.3375o« 

4  — 

9 

9-  I3i4« 

7  —  10 

9. 14380/? 

10 —  14 

9.0012/? 

1  —  6 

9. 2520« 

4  — 

10 

9-  0763/; 

7  —  II 

9. 08718/? 

II  —  4 

0. ^6600 

1-7 

9. i8o6« 

7  —  12 

9.0371/? 

5  + 

2 

II  —  5 

0.  24378/? 

2  +  4 

9-3183 

5  + 

I 

Q.  'C200 

8—  I 

Q.  6s  ^4 

II—  6 

9-  80397/* 

2  +  3 

9.4196 

0 

Q. 60606 

8-  2 

9-  91311 

II  —  7 

9-  58999" 

2  +  2 

9-55201 

5  — 

I 

9.  9942063 

8-  3 

0. 6546508 

II—  8 

9.44728/? 

2+1 

9-  7434333 

5- 

2 

I.  8719342 

8-  4 

0.  1087344/? 

II—  9 

9. 34004/? 

2  O 

0. 0940035 

5  — 

3 

0. 0058720/? 

8-  5 

9. 749943 I « 

II  —  10 

9. 2541 1/? 

2 —  I 

0.  7io7944« 

5  — 

4 

9.  7018961// 

8—  6 

9.  5561876/? 

II  —  II 

9. 18240/? 

3  —  2 

9. 9227672W 

5 

9.  5248272/? 

8-  7 

9.  4226792K 

II  —  12 

9. 12088/? 

3  —  3 

9-  6586391^ 

6 

9-  3994005/? 

8—  8 

9.  3207072/? 

II  — 13 

9. 0670/? 

2  —  4 

9.4955797« 

7 

9.  3021981/? 

8-  9 

9.  2381840/? 

II  — 14 

9. 0I9I/? 

3-5 

9-  3773i« 

8 

9.  22282/? 

8—10 

9.  16887/? 

12-  5 

0. 77529« 

2  —  6 

9. 28445« 

9 

g.  ISS74/? 

8—  II 

9.  i09io« 

12  —  0 

9.  93264/? 

2  —  7 

9.  2o8o« 

10 

9.  0976/? 

8—12 

9.  05658/? 

12 —  7 

9-  66399/? 

2  —  8 

9- 1430« 

II 

9.  0464/? 

8-13 

9. 0097/? 

12—8 

9-  49925« 

3  +  3 

9-  3759 

6  + 

I 

9.4665 

9—  2 

9-  7894 

12 —  9 

9. 380 1  o« 

3  +  2 

9-  4938 

6 

0 

9.  6169 

9—  3 

0.  20469 

12—  10 

9.  28670/? 

3  +  1 

9- 65599 

6  — 

9. 84890 

9—  4 

0. 42501 /r 

12  —  II 

9.  20987/? 

3  0 
3—1 

9. 9179122 
0. 6818160 

6  — 

2 

0.  3807859 

9-  5 

9.  86144/? 

12  —  12 

9. 14462/? 

3  —  2 

0.  ioi3o65« 

6  — 

3 

0.  2336731/? 

9-  6 

9.  62419/? 

12—  13 

9. 0879/? 

3  —  3 

9.  7466760/? 

6™ 

4 

9.  8002765/? 

9-  7 

9.  47162/? 

12 —  14 

9. 0377/? 

3  —  4 

9-  5S40936» 

6- 

5 

9. S877269« 

9-  8 

9- 35894" 

i    12 —  15 

8. 9928/? 
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Logarithms  of  the  integrating  factors  for  Saturn. 


Arg, 

Arg. 

Arg. 

Arg. 

1-  n' 

^iV-f  tn 



i'  i 

i'  i 

i'  i 

i'  i 

I  0 

o.  ooooooo 

6—3 

9.8386396/* 

5-6 

9. 0043670/* 

7-  9 

8.81389/* 

2  O 

9. 6989700 

7-3 

0. 34681207* 

6—6  _ 

9. 0506124/* 

8-  9 

8.  84315/* 

3  o 

9. 5228787 

8-3 

0. 2596173 

7-6 

9.  1023757/1 

9-  9 

8. 87452« 

4  o 

9. 3979400 

9-3 

9. 8096612 

8—6 

9.  1611541/* 

10 —  9 

8. 90834/* 

5  o 

9. 30103 

10-3 

9-  59346 

9-6 

9.  2291518/* 

11—  9 

8. 94501/* 

6  o 

9.  2218 

II— 3 

9-44977 

10—6 

9. 3098085/* 

12—  9 

8. 98506/* 

7  o 

9-  J 549 

11—6 

9. 40894/* 

13—  9 

9. 02919/* 

—  1—4 

8.96125/* 

12—6 

9.5376i« 

14—  9 

9. 0783/* 

—4—1 

9. i882o« 

0—4 

9.  00291/* 

13-6 

9. 72126/* 

-3-1 

9.  26o95« 

1—4 

9. 048988 1/* 

14 — 6 

0. 0458/* 

4—10 

8. 6812/* 

— 2—1 

9. 34840W 

2—4 

9. 1005462/* 

8.  7856/* 

5-10 

8. 7026/* 

—  I — I 

9. 458oo6o« 

3-4 

9. 1590601/* 

f  7 

6—10 

8.7251/* 

0 — I 

9. 6049665 « 

4—4 

9.  2267037/* 

2 — 7 

0.  0130/* 

7-10 

8,  74877« 

I  —  I 

9. 8287637/? 

5-4 

9.  3068626/* 

3-7 

8. 84214/* 

8-10 

8.  77383« 

2—1 

0. 3157609/1 

6 — 4 

9. 4052430/* 

4—7 

Q  S7')>l>l«t 

^*  ^7344« 

9 — 10 

8.  80043/* 

3—1 

0.  2867824 

7—4 

9-  S326437« 

5—7 

S   n/^7  1 
0.  907  ' 

10 — 10 

8. 82876/* 

4—1 

9. 8191074 

8—4 

9.7137009/* 

6—1 

11—10 

8. 85908/* 

9.5991729 

9—4 

0. 0299790/* 

•t  7 

/  / 

8.  9836657/* 

12 — 10 

8. 89166/* 

6—1 

9. 4538678 

10—4 

1.1758707 

0 — 7 

9. 0276457/* 

13-10 

8. 92690/* 

7—1 

9. 345 181 2 

II— 4 

9-  9719575 

9  / 

f*  076cRfij1M 

14—10 

8. 9652/* 

8—1 

9.  25832 

12—4 

9.  68472 

II— 7 

n   I  "5 1  7  C 1 0/1 
9.  1949^^ 

5-11 

8.  6514^ 

—3—2 

9.09872« 

-  1-5 

8. 87236/* 

12  7 

9.  26895/X 

6— II 

8.  6713/* 

—2—2 

9.  15698W 

0-5 

8. 9o6oo« 

1 1 — 7 

Q.  "^^82/* 

7-11 

8. 6921/* 

— 1  —  2 

9. 2242695/1 

1-5 

8. 9424624/t 

14 — 7 

9.4707/* 

8— II 

8. 71407/* 

0 — 2 

9-  3039365^ 

2-5 

8.  9822730/* 

9—11 

8.  73716/* 

I — 2 

9. 40i576i« 

3-5 

9. 0261048/* 

z — 0 

10 — 11 

8. 76i54« 

2—2 

9-5277337« 

4-5 

9. 074862 1/* 

3 — <> 

R  77'>rt7** 

11—11 

8. 78737« 

3—2 

9.  7062730/* 

5-5 

9.  1297937/* 

4 — 5 

s.  79952W 

12— II 

8.81484/* 

4—2 

0.0147309/* 

6-5 

9. 1926934/* 

5—0 

0.  0277y7(' 

13— II 

8. 84416/* 

5-2 

1.4769007 

7-5 

9.  2662713/* 

A.  c 
u — 0 

8. 85803/* 

14—11 

8. 8756/* 

6-2 

9.9857524 

8-5 

9-  3549096« 

7—8 

8.  8905362/* 

7-2 

9. 6917878 

9-5 

9. 4664028/* 

8 — 8 

8.  9256737^ 

6—12 

8.  6234« 

8-2 

9. 51808 

10-5 

9.  6167909/* 

9—8 

8.  9639064/* 

7—12 

8.  6421/* 

9—2 

9- 39433 

11-5 

9.  84875« 

10—8 

9. 0058326/* 

8—12 

8.  6615/* 

12-5 

0. 38026/* 

11—8 

9. 0522430/* 

9-12 

8.  68194/* 

—2—3 

9. 02457/* 

0.  2';4.0^ 

12—8 

9.  10421/* 

10 — 12 

8.  70334/* 

-1—3 

9.  07314/* 

14-5 

9.  80042 

13-8 

9.  16326/* 

11  —  12 

8.  72584/* 

0-3 

9. 1278452/* 

14—8 

9.  2316/* 

12—12 

8. 74958« 

1-3 

9. 1 90442 1/* 

0—6 

8.  82682/* 

13—12 

8. 77469^ 

2-3 

9.  2636055/* 

1—6 

8.  85699/* 

3—9 

8.7I33« 

14—12 

8.8013/* 

3-3 

9.  3516425/* 

2—6 

8.  88941/* 

4—9 

8.  7364^ 

4—3 

9.  4621841/* 

3-6 

8.  9244550/* 

5-9 

8.  7607/* 

5-3 

9.  6108385/* 

4-6 

8. 9625755^ 

6-9 

8.  78648/* 

94 
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The  functions  W  and  R  are  obtained  by  means  of  the  formulaB 

The  portions  involving  other  multiples  of  y  than  the  single  result  from  employing 
the  system  of  multipliers  7  and  0,  as  has  been  explained.  In  most  cases  the  terms 
arising  from  the  9  multipliers  can  be  neglected.  As  an  illustration  of  this  process, 
and  on  account  of  its  interest,  the  terms  which  make  up  the  great  inequalities  of  the 
two  planets  may  be  given.    They  are  as  follows : 


Arg. 

W 

Arg. 

W' 

COS. 

sin. 

COB. 

sin. 

H     i'  % 

—250 

—I     5  —  I 

0  5-2 

1  5  --3 

2  5-4 

3  S-S 

4  5-6 

// 

— 0. 00008 
— 0. 10041 

+5.71632 
+0. 06331 

-  00672 
+0. 00009 
+0.00003 

// 

—  0.00017 
+  0. 20202 

— I3-SOIS6 

—  0.03106 

—  0.00264 
+  0.00072 

—  0.00002 

H     i'  i 
—2     7  —  2 

—  I     6  —  2 

0  5  —  2 

1  4—2 

2  3—2 

3  2  —  2 

4  1—2 

5  0  —  2 

// 

+  0.00512 
+  1.26780 
—35.  28018 

—  0.  30383 

—  0.  01426 
+  0.00085 
+  0.00045 
+  0.00002 

// 

—  0.00355 

—  2.84972 
+83.32990 
+  0. 12803 
+  0.02389 
+  0.00372 
+  0.00017 

—  0.00012 

+5. 67254 

-13-33271 

—34-  32403 

+80.  63232 

W  and  R  must  be  completed  by  the  addition  of  functions  of  r,  having  the  forms 
W  =  Z;o  +        cos  9>  +       +       sin  9  E  =  Z:3^  cos  9>  +  Z:4^  sin  ^ 

the  k  being  constants.  It  is,  however,  more  commodious  to  alter  the  signification  of 
the  k  so  that  we  may  write  in  the  case  of  Jupiter 

W  =  Z:o  +  kiCOB  y+  sin  y 

+  [8.3821074]  ki  cos  2y  +  [8.3821917]  lc%  sin  zy 

+  [6.9403270J  ki  cos  zy  +  [6*9404535]  ^  sin  zy 

+  [5-5723410]  ki  cos  4r  +  [5-5724929]  k%  mi^y 
+  [4.2452120]  ki  cos  <^y  +  [4.2453S07J  kt  sin  c^y 

E=:      —  [8.8599027]  /Cg 

+  cos  y+  sin  y 
+  [8.3821074J  cos  2y+  [8.3821917]  k^  sin  2y 
+  
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and  in  the  case  of  Saturn 

-I-  [8.4472006]  fci  cos  2y*  +  [8.4473145J  Ih  sin 
+  [7.0705210]  Ici  cos  zy'  +  [7.0706918]  Zr2  sin  3^' 
+  [5-7676379]  ^1  cos  4/  +  [5-7678429]  ^  sin  4/ 
+  [4-5056153]  fci  cos  5/  +  [4.5058431]     sin  5x 

E'-a    _  [8.9252322]  ^3 

+                7^3  cos    +  Ic^  sin 
+  

The  perturbations  of  the  fundamental  argument,  the  residual  perturbations  of  the 
natural  logarithm  of  the  radius  vector,  and  the  perturbations  perpendicular  to  the 
plane  of  the  orbit,  so  far  as  they  depend  on  the  first  power  of  the  disturbing  force, 
are  given  by  the  formulae 


at  ndt        2\dy  J  cos  i  ^ 


where  the  dash  above  the  quantities  denotes  that  r  has  been  changed  into  t  or,  which 
is  the  same  thing,  y  into  g. 

The  arbitrary  constants  k  have  been  so  assumed  that  the  expressions  for  the  per- 
turbations maybe  simplified  as  much  as  possible.  We  take  Zjq?  so  that  may  contain 
no  term  proportional  to  tj  k^  and  k2j  so  that  the  terms  having  the  argument  g  may 

disappear    In  like  manner  k^  and  ^4  are  determined  so  that        may  be  free  from 

terms  having  the  argument  g.    In  the  case  of  Jupiter  this  has  led  us  to  put 

fco  =  +  i4".28oi  fci  =  —  i".6777  ^  =  +  i".693i 

Zc3=+  o''.o636  fc4=  +  o".i4i4 

and  in  the  case  of  Saturn 

h  = —517^^7721  A,  =  — 14^^9831  =  + 1^^5080 

A,  =  —  0^^5642  h  =  +  0^^7901 
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expressions  for      and  -  -gj  lollow : 


Arg. 

ddz 
dt 

1^ 

n  dt 

COS. 

sin. 

Bin. 

cos. 

i' 
o 

i 

o 

/I 

—  0.  OI22S08 

o — 

I 

1. 1420 

—  1. 0174 

1. 1610 

—  0. 9308 

+ 

i.oi73636»/ 

—  I.  i42039i«/ 

0. 5o868i8«/ 

—  0. 57ioi95«/ 

o — 

2 

0. 0771 

-|-  0.0170 

+ 

0, 0835 

0. 0000 

0. 0245 236«/ 

—  0.0275342W/ 

o.o245236«/ 

—  0. 0275342W/ 

o— 

3 

0.0017 

-f  0.0010 

+ 

0.0033 

-|-  0.0004 

+ 

0.  ooo8868«/ 

—  0.0009957^/ 

0.0013302;// 

—  o.ooi4935«/ 

w  1 

3 

0. 00032 

—  0. 00061 

0. 0006 

-|-  0.0004 

w  1 

i-f- 

0. 01 18 

—  0. 0017 

0.0133 

-|-  0.0013 

1  + 

I 

0. 3720 

+  0. 1052 

0.  2603 

—  0, 0597 

I 

o 

3.  3928 

—  I. 7597 

0.  7161 

-|-  0. 1939 

I  — 

I 

9.  1757 

+47. 1662 

+ 

2.9759 

+  15.2960 

I — 

2 

+ 

0.  3997 

+  2.2087 

0. 1906 

+  I. 6614 

I— 

3 

+ 

0. 0274 

+  0.0893 

0. 0258 

-f  0. 1050 

I  — 

4 

+ 

0.0014 

+  0.0033 

0. 0019 

+  0.0057 

y>  1 

2 

0. 0014 

—  0.0012 

0.0019 

-[-  0.0016 

O  t 

2-h 

I 

0.0417 

—  0. 0223 

0. 0366 

-|-  0.0218 

2 

o 

1. 0199 

—  1,0268 

0. 4698 

-4-  0.406? 

2— 

24. 04532 

-1-  0.  86601 

+ 

3-  53984 

—  0. 19888 

2 — 

2 

— 214. 0201 

—91.7688 

+  120.  3064 

—51-5832 

2 — 

3 

5-4539 

—  3- I 129 

+ 

5-8327 

—  3-  0764 

2 — 

4 

0. 1899 

—  0. 1250 

+ 

0.  3069 

—  0.  1800 

2  — 

5 

0.  oo8i 

—  0. 0054 

+ 

0. 0174 

—  0.0106 

3+ 

I 

0.0010 

-4-  0, 00*^0 

+ 

0.0013 

—  0. 0042 

3 

+ 

0. 0906 

4-  0.  i6ka. 

0,0440 

—  0. 0960 

I 

2.5944 

-4-  1. 66-12 

+ 

0.4591 

3— 

2 

39. 6924 

+52.  2365 

16, 5368 

+  22.  3896 

3— 

3 

15.6852 

+24.  6755 

10. 8438 

+  17.5836 

3 — 

4 

0. 9761 

+  0.7016 

+ 

0. 9797 

+  0.8822 

3- 

5 

0. 0467  ^ 

+  0.0168 

+ 

0. 0651 

+  0.0390 

z — 

6 

0. 0022 

-f-  0.0005 

+ 

0.0041 

+  0.0020 

4 

o 

0.0013 

-f  0.  oro2 

0.0001 

-  -  O.0072 

4— 

I 

+ 

0, 0498 

+  0.  .955 

+ 

0, 0288 

—  0.  0919 

4— 

2 

+ 

0. 9030 

+  6.3979 

0. 0967 

+  1-5544 

4-  - 

3 

19. 0362 

+  9.0422 

11.5647 

+  5-7324 

4— 

4 

+ 

5-3687 

+  6.5947 

4-  0749 

+  5- 3143 

4— 

5 

+ 

0. 1126 

+  0.  5330 

0.  1716 

+  0.  5649 

4— 

6 

0. 0051 

+  0.0284 

0.  0005 

+  0.0402 

4— 

7 

0. 0005 

+  0.0013 

+ 

0.0003 

+  0.0025 

5 

o 

+ 

0. 0067 

'  —  0.0090 

0. 0066 

+  0.0093 

5- 

I 

0. 2796 

—  0. 3932 

0. 1413 

+  0. 1951 

MUTUAL  PERTURBATIONS  OF  THE  FIRST  ORDER. 


dSz 

1  dv 

dt 

n  dt 

Arg. 

COS. 

sin. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

5-  2 

4- 

5.67254 

—13-33271 

4-  0.07542 

4-0. 1 1 796 

5—  3 

+  152. 6838 

+".3735 

—75^574 

4-5.7237 

5—  4 

+ 

4. 8731 

+  5-4299 

—  4. 6297 

4-4.0120 

5 —  5 

+ 

2. 9701 

—  1.4865 

—  2.6327 

—1,1887 

5—  ° 

0. 2863 

+  0.0133 

—  0.3146 

— 0. 0105 

S—  7 

+ 

0. 0164 

+  0.0087 

—  0. 0236 

4-0.0074 

5 —  o 

+ 

0.  0007 

4-  0.0008 

—  0. 0014 

4-0. 0008 

6—  I 

4- 

0. 0021 

—  0.0003 

4-  0.0012 

0. 0000 

6—  2 

4- 

—  0.0193 

4-  0.0153 

+0. 0041 

6—  3 

4- 

I  02*2/1 

1 .  jq- 

+  0.6703 

—  0-  33389 

4-0. 24544 

6   4 

0.  6738 

+  2.3519 

4-  0. 3837 

4-1-5534 

o —  5 

+ 

2.  0940 

+  0.0180 

—  1.6795 

— 0.0131 

5   6 

— 

0.  3486 

—  1.2827 

4-  0. 2755 

—1. 1442 

6   ^ 

o  7 

+ 

0.0431 

—  0. 1452 

—  0. 0346 

-0.1587 

5   g 

+ 

0.0083 

—  0.0084 

—  0. 0085 

— 0.0121 

6   o 

+ 

0.0007 

—  0.0004 

—  0.0008 

— 0.0007 

7   2 

0.  005 1 

+  0.0049 

4-  0.0027 

— 0. 0024 

7—  3 

4- 

0. 1240 

+  0.2402 

—  0.0112 

4-0. 0309 

7—  4 

I . 2870 

+  1-2519 

4-  0. 7017 

4-0. 7065 

7 —  5 

+  0.4453 

—  0.5550 

4-0. 3159 

7   6 

+ 

0.  2083 

—  0.  9416 

—  0. 1670 

—0. 8053 

7 —  7 

0.  5807 

+  0.0198 

+  0. 5308 

— 0. 0003 

7 —  ^ 

— 

0.  071 1 

—  0.0412 

4-  0.0792 

—0. 0394 

7 —  y 

— 

0. 0038 

—  0. 0063 

4-  0.0060 

—0.0070 

*»  IQ 

— 

0. 0003 

—  0.0006 

4-  0.0002 

— 0. 0006 

8—  2 

4- 

0. 0002 

—  0.0007 

4-  0.0001 

4-0. 0002 

8-  3 

4- 

0. 0026 

—  0. 0206 

4-  0.0009 

4-0. 0033 

8-4 

4- 

0    ^  T*7*7 
0.  JI77 

—  0.0869 

—  0. 1351 

—0. 0330 

8—  5 

_L 

0.  I  746 

+  0.2678 

—  0. 1311 

4-0. 1772 

g  6 

-I- 

0.  2701 

—  0.  3063 

—  0. 2077 

—0. 2588 

7 

0.43" 

—  0. 1945 

4-  0.3854 

— 0. 1666 

8   8 

0.0533 

+  0.2568 

4-  0.  O^Q? 

4-0.  2  "170 

0. 0308 

+  0.0329 

-j-  0.0312 

4-0. 0368 

g  JQ 

0.0045 

+  0.0014 

4-  0.0051 

4-0. 0024 

g  II 

0.0004 

—  0,0002 

4-  0.0004 

— 0. 0001 

9—  3 

+ 

0,0010 

—  0.  0005 

4-  0.0005 

-f  0.0002 

9—  4 

+ 

0. 0323 

+  0.0077 

—  0.0075 

4-0. 0025 

9-  5 

+ 

0. 0066 

+  0. 1417 

—  0. 0071 

4-0. 0850 

9 —  6 

+ 

0. 1313 

—  0.0439 

—  0.0983 

—0. 0394 

9—  7 

0. 1285 

—  0. 1712 

4-  0. 1170 

— 0. 1412 

9—  8 

0. 143 1 

4-  0. 1919 

4-  0. 1283 

4-0. 1767 

9—  9 

+ 

0. 1083 

-f  0.0527 

—  0. 1007 

4-0. 0550 

9 — 10 

+ 

0.0135 

4-  0.0206 

—  0.0154 

-fo.  0214 

9 — II 

+ 

0. 0001 

4-  0.0030 

—  0.0006 

4-0. 0034 

9—12 

0.0001 

4-  0.0003 

4-  0.0001 

4-0.0003 

25  AST  7 
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1 

1 

Arg. 

dSz 
di 

Idv 
n  di 

COS. 

sin. 

COS. 

sin. 

t'  i 

// 

// 

// 

10 —  4 

— 0. 02767 

—0. 02746 

— 0. 00044 

+0. 00061 

lo-  5 

+0- 1833 

—0.  3728 

— 0. 0906 

— 0.  1829 

10 —  6 

-1-0.0479 

—0. 0014 

— 0. 0357 

— 0. 0057 

10-  7 

— 0.  0092 

—0. 0739 

+0. 01 16 

— 0. 0602 

lo—  8 

— 0. 1064 

+0. 049s 

-f  0. 0923 

-j-o.  0482 

lo—  9 

-j-o.  0803 

+0. 0935 

—0. 0756 

-f-0.  O003 

10 — ID 

+0. 0365 

— 0. 0427 

— 0. 0374 

— 0.  0390 

10 — II 

-|-o.  0126 

— 0. 0046 

— 0. 0133 

— 0. 0054 

10 — 12 

-|-o.  0017 

— 0.0019 

j_o  0001 

II-  5 

-|-o.  0050 

— 0. 0036 

— 0.0018 

— O.OOIO 

II—  6 

-|-0.  OI2I 

-|-o.  0098 

— 0. 0080 

-f-o.  0059 

II-  7 

-}-o.  0085 

— 0.  0208 

— 0. 0054 

— 0. 0165 

II—  8 

— 0. 0426 

— 0. 0032 

+0. 0367 

— 0. 0001 

II—  9 

-\-o.  0146 

-|-o.  0638 

—0.0158 

-f-o.  0576 

1  II~IO 

-f-o.  0568 

— 0. 0309 

—0. 0536 

— 0.  0291 

II— II 

—0. 0147 

— 0. 0218 

-f-o.  0130 

—0. 0225 

II—  12 

—0, 0010 

—0. 0071 

-f-o.  0013 

—0.0074 

12—  6 

+0. 0044 

-f-o.  0097 

—0. 0025 

-f-o.  0052 

12—  7 

-}-o.  0052 

—0. 0037 

—0. 0035 

— 0. 0031 

12—  8 

— O.OIIO 

— 0. 0075 

-|-o.  0096 

—0. 0054 

12-  9 

— 0.0072 

—0. 0244 

-}-o.  0049 

-f-o.  0224 

12—10 

■fo.  0373 

—0. 0003 

— 0. 0351 

—0. 0014 

12— II 

—0. 0082 

— 0. 0328 

+0. 0081 

—0. 0322 

12—12 

— 0.0127 

-f-o.  0030 

+0.0I3I 

-f-o.  0022 

corresponding  quantities  for  Saturn  are  : 


d$z* 

1 

dv' 

dt 

n' 

di 

Arg. 

C0€. 

sin. 

sin. 

COS. 

t'  i 

// 

// 

// 

// 

0  0 

-l-  0.075066 

I  0 

—8.  63 II 

-5-3501 

—7.  6361 

+10. 1319 

— S.3Soo8o»'/ 

-f-8. 63io67»V 

—2. 675040»V 

-  4.3i5533»'^ 

2  0 

—0.  7346 

—  1. 1722 

— 0. 4093 

+  1.7346 

— 0. 1498i6»'/ 

-f-o.  24i756»'/ 

—0.  i498i6»V 

—  0.  24i756»V 

3  0 

—0. 0303 

—0. 0972 

+0. 0233 

+  0.1703 

—0.  oo6294»V 

-}-o.  oioisSwV 

—0.  oo944i«7 

—  0.  oi5237»V 

4  0 

—0. 0002 

—0. 0077 

-f-o.  0078 

-f-  0.0132 

— 0. 0003 1 2«'/ 

-|-o.  000504^'/ 

—0.  ooo624«V 

—  0.  OOI020«'/ 

5  0 

-fo.  0002 

— 0.0005 

-f-o.  0010 

-f-  0.0006 

—4—  I 

-}-o.  0003 

— 0. 0003 

0. 0000 

-f-  0.0002 

—3-1 

-}-o.ooi9 

-f-o.  0004 

— 0. 0042 

0.0000 

MUTUAL  PERTURBATIONS  OF  THE  FIRST  ORDER. 


Arg. 

.                          1  dr' 
n*  dt 

COS. 

sin. 

sin. 

COS. 

t'  i 

// 

// 

// 

// 

— 2—  I 

-j-  0. 0227 

.J- 
•r 

0.  01 14 

—  0. 0478 

+ 

0.0163 

—  I—  I 

j_ 

T" 

0.  131 1 

—  0. 4629 

0. 3204 

O—  I 

—  2.5227 

t 

20. 9029 

—  2. U009 

+ 

8.  2224 

I —  I 

-j-  9*  0050 

3654 

-1-40.  1544 

4-262. 5939 

2 —  I 

-J- 204.  9729 

0*  0944 

—56.  2251 

+ 

3.2555 

3—  I 

— 14-  5453 

10.4073 

—  4.9697 

3.5005 

4—  I 

—  0.  447 1 

0. 0399 

o»  43  ^  6 

+ 

0. 1989 

5-  I 

  0. 026^ 

0. 0040 

_  0316 

0.0280 

6—  I 

—  0.0018 

0. 0005 

—    0.  0015 

+ 

0. 0027 

7—  I 

—  0. 0001 

0. 0002 

+  0. 0001 

+ 

0. 0003 

—2—  2 

— f~  u.  Lnjuu 

0.0006 

—  0. 0014 

0.0015 

—  I—  2 

-|-  0.0099 

0. 0108 

— —  0, 02 1 7 

0.0146 

O—  2 

—  0. 0979 

+ 

1 . 0448 

—  0.  2750 

0,0188 

I—  2 

"T  3-  3520 

10. 1030 

—  I.  1744 

+  10.5178 

2 —  2 

-f-o/-  57"9 

+ 

37.4603 

+  36.4790 

3-  2 

-^-30.  0490 

+ 

36. 4676 

— 3^*  2005 

+  25.4230 

4—  2 

— /o. zzzu 

— 629.5161 

+37.  3212 

—306. 1645 

S-  2 

— 34*  32403 

+  80.63232 

—  u. ou2g7 

1.52185 

6—  2 

1.  1770 

+ 

0.4359 

0. 2259 

7—  2 

+ 

0. 0168 

"T  0.0295 

0, 0142 

8—  2 

+  0.0013 

+ 

0. 0008 

+  0.0017 

0.0006 

-I-  3 

0. 0007 

0.  0000 

0.0018 

0—  3 

.    .  0118 

+ 

0. 0554 

—  0. 0015 

0. 0052 

I—  3 

— |—  u.  1 102 

0. 6269 

-f-  0.  Oool 

+ 

0.5273 

2-  3 

u.  0701 

+ 

0. 8416 

—  1.4465 

+ 

0.  2740 

3-  3 

-pi7> 1420 

23. 7761 

— 18.  4562 

25. 1481 

4-  3 

-^-14.  7020 

6.  2679 

— 15.  1906 

7.4477 

5-  3 

+  7- 2953 

+ 

0.9109 

—  0.  0424 

+ 

0.4197 

6-  3 

-j-  5.  0024 

+ 

3-4675 

—  3.4094 

+ 

2. 2076 

7—  3 

  f  nCnfi 

—  1 . u^yo 

2.  0905 

-f-  0.  2302 

0. 5277 

8-  3 

—  0.0221 

+ 

0. 1181 

—  0. 0109 

0. 0391 

9-  3 

-f-  0.  0007 

+ 

0. 0024 

—  0. 0005 

0. 0022 

0 —  4 

—  0.0007 

+ 

0. 0032 

+  0.0001 

0.0001 

I—  4 

-f  0.0064 

0. 0358 

•\-  0.0081 

0. 0341 

2—  4 

—  0.0001 

+ 

0. 0324 

—  0.0127 

0.0167 

3-  4 

+  0. 8945 

0. 3721 

—  0. 7506 

0. 6953 

4—  4 

—  7.6391 

8.  5017 

+  8.3I8I 

9.4975 

S-  4 

—  1.2828 

6. 3801 

+  1,8724 

7.2651 

6—  4 

-i-  O.8151 

2.  3512 

—  0.  6822 

2.7251 

7-  4 

+  0.6780 

0.  5943 

-  0. 6353 

0. 6689 

8-4 

+  0.3723 

0. 1089 

—  0. 2900 

0. 1 1 19 

9—  4 

-  I '7237 

0. 4520 

-1-  0.8129 

0.  2179 

lo—  4 

-f-  0. 16489 

+ 

0. 1 639 1 

-i-  0.00591 

0. 00701 

II—  4 

-f-  0.0084 

+ 

0. 0077 

+  0. 0045 

0, 0050 

I-  5 

—  0.001 

0. 003 

0.000 

+ 

0,002 

lOO 
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1  dy* 

dt 

n'  dt 

Ayr* 

Arg, 

COS. 

Bin. 

Bin. 

COB. 

i'  4 

// 

// 

// 

2—  5 

— O.  OOI 

+0.001 

0.  000 

—0.001 

3—  5 

4-0. 036 

+0.  006 

—0.  033 

—0.  010 

4—  5 

— 0. 086 

—0.  646 

+0.  245 

—0. 641 

5—  5 

—4.  288 

+2. 410 

+4. 848 

4-2. 61^ 

6   c 

u  i 

—3-  "03 

— 0.  0213 

-4-^.  6870 

4-0.  it;^q 

7—  5 

—1.0347 

—0.  6167 

■4-1.  '?i6d 

 0. 6281 

8—  5 

— 0. 1878 

—0.  3388 

-i-o,  2670 

— 0,  '?7^2 

9—  5 

-fo.  0014 

—0. 1 2 13 

-I-o.  01  ^t; 

— 0. 1326 

10—  5 

+0. 0224 

— 0. 0390 

— 0. 017*; 

— 0,  0384 

II—  5 

+0. 0305 

— 0. 0201 

— 0. 0196 

— 0. 0142 

12—  5 

—0, 01 13 

+0.  0026 

■4-0.  002K 

+0, 0004 

3—  6 

—0. 002 

+0. 001 

—0.003 

—0.000 

4—  6 

+0. 014 

— 0. 031 

— 0. 002 

— 0.  032 

5—  6 

—0.405 

—0. 041 

■4-0. 4^1 

+0. 030 

6   6 

-f  0. 627 

+2. 133 

— 0. 652 

+2.  41"? 

7—  6 

--0,3429 

+  1.5477 

4-0.  "^A?? 

+  1.8657 

8—  6 

-^.4394 

+0, 4827 

+0. 4909 

+0. 6449 

9—  6 

— 0. 2016 

+0, 0630 

-4-0. 241^ 

+0. 1087 

10 —  6 

—0. 0594 

—0.0135 

-4-0. 0746 

— 0. 0062 

II-  6 

—0. 0126 

— 0. 01 17 

+0.  0165 

— 0. 01 14 

12 —  6 

— 0. 0020 

—0. 0050 

4-0. 002^ 

— 0.0049 

4—  7 

-l-o.ooi 

— 0. 002 

0,  000 

—0. 002 

5—  7 

— 0.  021 

—0.016 

+0. 025 

— 0.  010 

o —  7 

— 0,  078 

+0. 232 

4-0.  2^6 

7 —  7 

+  1,031 

— 0. 056 

— I.  161 

— 0. 031 

8—  7 

+0. 756 

+0. 342 

— 0.  qi5 

+0.  377 

9—  7 

+0. 218 

+0. 301 

— 0.  ^02 

+0. 351 

10 —  7 

+0.012 

+0. 125 

— 0. 0^6 

+0. 156 

II—  7 

— 0.015 

+0.033 

+0, 013 

+0. 046 

12 —  7 

— 0. 007 

+0. 006 

+0.009 

+0.009 

5—  8 

— O.OOI 

—O.OOI 

0, 000 

— 0. 001 

A   Q 

O—  O 

—0.015 

+0.012 

+0.012 

+0. 015 

7—  8 

+0.  122 

+0.074 

— 0. 138 

+0. 066 

8—  8 

+0.  090 

—0,478 

— 0, 120 

— 0.  532 

9—  8 

+0.  263 

— 0.3S3 

— 0.  "^OO 

— 0. 429 

10—  8 

+0.  196 

— 0. 087 

— 0.  2^4 

— 0. 128 

II—  8 

+0.  076 

+0.009 

— 0.  100 

— 0. 002 

12—  8 

+0.019 

+0. 013 

— 0. 027 

+0. 015 

6-  9 

— 0. 002 

0.000 

+0.001 

+0.001 

7-  9 

+0. 006 

+0. 01 1 

— 0.009 

+0. 010 

8-9 

+0.057 

— 0. 060 

— 0. 056 

— 0. 069 

9—  9 

—0. 209 

— 0. 096 

+0. 231 

—0. 117 

10 —  9 

-0. 155 

-0. 177 

+0. 186 

—0.  206 

II—  9 

— 0. 027 

— 0. 121 

-|-o.  042 

— 0. 148 

12—  9 

+0. 014 

— 0.046 

t 

—0.012 

— 0. 061 
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dSz* 

1  dv* 

dt 

n'  dt 

Arg. 

—  

COS. 

sin. 

sin. 

COS. 

i'  i 

// 

// 

it 

// 

7—10 

-f-0.  001 

+0. 002 

0.000 

0. 000 

8— lo 

-|-o.  009 

—0.003 

 0.009 

— 0. 004 

9 — lo 

— 0. 026 

— 0.041 

+0. 029 

— 0. 042 

10—10 

— 0. 071 

-f  0. 085 

+0. 083 

+0. 092 

II — 10 

— 0.  Ill 

-f  0.059 

+0. 130 

+0. 071 

12—10 

0. 000 

+0.091 

9— II 

0.  000 

— 0.006 

+0.001 

— 0.  005 

lO— 1 1 

— 0. 025 

+0.009 

+0. 027 

+0.010 

II— II 

+0.  031 

+0.044 

— 0. 031 

+0,051 

12— II 

+0.018 

+0. 066 

— 0.  020 

+0, 078 

10 — 12 

— 0.  003 

— 0.001 

+0,004 

0.000 

II— 12 

-fO.  001 

+0.015 

— 0.  002 

+0.016 

12 — 12 

-f  0. 026 

—0. 007 

—0.  030 

—0.006 

The  integration  of  the  preceding  expressions  gives  those  for  (^-2?  and  except 
that  we  do  not  thus  obtain  the  constant  term  of  the  latter  quantity.  This,  however, 
is  known  to  be 

where  Pj  has  the  signification  attributed  to  it  at  page  63.* 

This  formula  gives  us  in  the  case  of  Jupiter  as  the  constant  term  of  v  — 2".3598, 
and  in  the  case  of  Saturn  as  the  constant  term  of  v'  +86^.5056. 

With  regard  to  the  terms  of  the  perturbations  factored  by  t  it  may  be  noted  that 
if  we  denote  the  terms  in  nd^y  having  the  argument  by 

kiUt  sin  g  +  Jc2nt  cos  g 

and  those  in  ^  by 

Jczut  sin  ^jr  +  JCiUt  cos  g 
the  complete  expressions  for  these  parts  of  the  perturbations  will  be 

n6z=:      ftin«|^sinijr  +  ip?sin2^  +  ip?sin3^+  •   •  •] 
+  Z:2W*|^cosijr  +  ^^^cos2^  +  i^^cos3^+  •   •   •  J 
V  =    Ijcint  Q  ^  +  cos  fir  + 1^  cos  2g  +     cos  zg  + 


sin  9  +  ^^  sin  2g  +     sin  zg  + 


u 
coal 


=      hrd^  sin^  +  ^^sin  2flr  +  ^^sin  3^  + 

+  Jc,nt^-- + COB  g  +  p^  COB  2g  +  p^  cos  3g  + 
The  P  and  Q  have  been  defined  (page  63). 


] 
] 
■] 
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I02  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 

In  the  case  of  Jupiter  these  equations  give 

ndz  =  Jciut  sin  (—  g)+  Ic^nt  cos  (—  g) 

+  [8.0810774]  hnt  sin  (—  2^)  +  [8.081 161 7]  h^nt  cos  (—  2g) 
+  [6.4632057]  hint  sin  (-  3^)  +  [6.4633322]  fcgw^  cos  (-  3^) 
+  [4.9702810]  Icint  sin  (—  ^g)  +  [4.9704329]  'k2nt  cos  (—  ^g) 
+  [3.5462420]  hint  sin  (-  5^)  +  [3.5464107]  ZcgW*  cos  (—  5^) 

v=     [8.0817514]  ICiUt 

+  ^fci?i*cos(—  ^A;2Wfsin(— 

+  [8.0810774]  IciUt  cos  (—  2g)  —  [8.081 1617]  Zf2«*  sin  (—  2g) 
+  [6.6392970]  hint  cos  (—  3^)  —  [6.6394235]  kznt  sin  (-  3^) 
-f  [5.2713110]  hint  cos  (—  4g)  —  [5.2714629]  ktut  sin  (—  4^) 
+  [3.9441820]  hint  cos  (-  5^)  -  [3-9443507]  hnt  sin  (-  55) 

JL.=  -[8.8599027]  hnt 

+  sin  (—  g)+  hnt  cos  (—  p) 

+  [8.3821917]  hnt  sin  (—  2g)  +  [8,3821074]  h^nt  cos  (—  2g) 
+  [6.9404535]  hnt  sin  (—  sg)  +  [6.9403270]  hnt  cos  (-r  3^) 
+  [5.5724929]  hnt  sin  (-  4£r)  +  [S'57234io]  hnt  coa  (-  4i?) 
+  [4.2453807]  hnt  sin  (—  5^)  +  [4.2452120]  hnt  cos  (—  55^) 


And  in  the  case  of  Saturn 


n'dz'=  Win^tsm  g^+  h'zn't  cos  g' 

+  [8.1461706]  h'lWt  sin  2g'+  [8.1462845]  Ic^zn^t  cos  2g' 
+  [6.5933997]  ^'in't  sin  35f'  +  [6.5935705]  h'zu't  cos  sg' 
+  [5-1655779]  ^'in't  sin  4^;'  +  [5.1657829]  fcW*  coa  4g' 
+  [3.8066453J  A/in'<  sin  5P'+  [3.8068731]  hWt  cos  5^ 

k'=  —  [8.1470809]  Ic'iuH 

—  cos  g'  +  ifcW^  sin  3' 

—  [8.1461706J  h\nH  cos  2^'+  [8.1462845]  ¥2n^t  sin  2/ 

—  [6.7694910]  h/in*t  coa  3^'  +  [6.7696618]  h^^n't  sin  33' 

—  [5.4666079]  k*in^t  coa  4*7'  +  [5.4668129]  h'zn^t  sin  45r' 

—  [4.2045853J  hain't  coa  5^'+  [4.2048131]  ZcW^  sin  5^' 


cosi 


:  —  [8.9252322]  h\n^t 

+  k^^n't  sin  g^  +  hUn't  cos  g' 

+  [8.4473145]  Wzu't  sin  2g'  +  [8.4472006]  W4:ifi^t  cos  2^ 
+  [7.0706918]  h'^n't  sin  3^'  +  [7.0705210]  h^n^t  cos^^ 
+  [5-7678429]  Aj'aw'f  sin  4^;'+  [5-7676379]  coa4S'' 
+  [4-5058431]  ^'^n'^  sin  55f'  +  [4-5056153]        cos  5^ 
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The  expressions  for  the  perturbations  of  Jupiter  and  Saturn,  arising  from  their 
mutual  action,  and  of  the  first  order  with  respect  to  disturbing  forces,  are  as  follows : 


Arg= 


ndz 


sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

if 

i 

// 

// 

// 

// 

// 

0 

0 



2.  3598 

+0.0369 



O.OI228oS«/ 

—0. 0090789;?/ 

0 

  I 

0.0000 

0.0000 

+ 

0.  5900 

-f  0.4221 

0,0000 

0.0000 

— 

i.oi73636«/ 

—  I. I42039IW/ 

0. 50868 1 8«/ 

+  0. 57ioi95«^ 

+0.  28443 1 

+O.I2535I4W/ 

0 

—  2 

+ 

0. 0316 

+  0.0146 

+ 

0. 0348 

—  0.0061 

— 0. 0079 

— 0.0147 

— 

0.0122618K/ 

—  0.  OI3767IW/ 

— 

O.OI226l8«/ 

+  0.  OI3767IW/ 

+0. 0068576;?/ 

+0. 00302 1 6«/ 

0 

—  3 

+ 

0.0005 

+  0.0004 

+ 

0.0009 

—  0,0003 

0.0000 

— 0. 0004 

— 

0.  ooo2956«/ 

— 

0.  ooo4434«/ 

1    f\                T  Y  T  Q «  / 

uoQi  1  lonf 

0 

—  4 

— 

0. 0000095 

—  0.  \juuui\j/ni 

0.0000 1 90W/ 

-j-  0.  OUOOZl 

-^0. 0000047'*^ 

0 

-  5 

— 

o.oooooo4«/ 

0.  oooooogw/ 

— j—  0.  ououoiy/sf 

_\_f\  rwvw^pM/ 

-j-O.  0000002f2f 

I 

+  3 



0.0001 

+  0.0002 

+ 

0. 0002 

+  O.OOOI 

I 

+  2 

— 

0.0049 

+  0.0007 

+ 

0.0055 

+  0.0005 

+0. 0025 

— 0.0006 

+  I 

— 

0.  2652 

—  0.0750 

+ 

0. 1856 

—  0.0426 

+0. 0983 

+0.  C297 

0 

— 

8. 4254 

+  4. 3699 

+ 

1.7783 

+  0.4815 

-|-o.  4468 

—0. 3056 

—  I 

+ 

15.3616 

4.78. 9638 

+ 

4. 9822 

—25. 6080 

— 0.  II6I 

—0. 0509 

—  2 

— 

0. 2503 

-f-  1.3525 

0.1 193 

—   I . 040 I 

— -o.  2590 

—0.  0550 

—  3 

— 

0. 0106 

•T  0344 

0. 0099 

—  0.  0404 

— 0, 0040 

— 0. 0039 

—  4 

— 

0. 0004 

0.  0009 

0. 0005 

—  0.  0016 

— 0.  0001 

+0. 0001 

2 

+  2 



0. 0005 

-f  0.0004 

+ 

0. 0007 

+  0.0006 

2 

+  I 

— 

0. 0231 

-f  0.0124 

+ 

0. 0203 

+  0.  0I2I 

+0. 0049 

— 0. 0099 

2 

0 

— 

1.2664 

+  1.2749 

+ 

0.  5833 

+  0. 5047 

— 0.0186 

—0. 3728 

2 

—  I 

23.5450 

+  4.4541 

+ 

18.1877 

+  I. 0218 

+0.4637 

+0.4391 

2 

—  2 

79. 1521 

— 76.  8179 

+100. 7061 

+43.  1791 

— 0. 1080 

+0. 1908 

2 

—  3 

+ 

2.4851 

—  I . 4 I 84 

+ 

2.6577 

— |-   1 .  40 1 5 

 0.  0014 

— 0. 06 1 5 

2 

—  4 

+ 

0  0595 

—  0.  039  ^ 

+ 

0. 0961 

+  0.0563 

-(-0.  0007 

—  0.  0015 

2 

-  5 

+ 

0.0019 

—  0.  0013 

+ 

0.0041 

-|-  0.  0025 

-|-o.  0002 

— 0.  0001 

3 

+  I 

+ 

0. 0005 

—  0.0018 

0. 0006 

—  0.0019 

+0.0013 

+0.  0005 

3 

0 

0. 0750 

—  0.  1369 

0.0364 

—  0.0795 

+0.0335 

+0.0412 

3 

+ 

12.4697 

—  7.9940 

2. 2066 

—  1.6053 

+0. 1895 

—0.  0292 

3 

—  2 

50. 1203 

+65.9600 

20. 8813 

—28.  2718 

-0. 5536 

+0.  8698 

3 

—  3 

+ 

8. 7532 

+  13.7703 

+ 

6. 0514 

—  9.8126 

— 0. 0420 

—0. 0038 

3 

—  4 

+ 

0. 3496 

+  0.2513 

+ 

0.  3509 

—  0.  3160 

+0. 0206 

,  — 0.0040 

3 

-  5 

+ 

0.0123 

+  0.0045 

+ 

0.0172 

—  0.0103 

+0. 0008 

0.0000 

3 

—  6 

+ 

0. 0005 

-f  0.  0001 

+ 

0. 0009 

—  0.0004 

4 

0 

+ 

0. 0008 

—  0.0063 

+ 

0  .  0001 

—  0.0045 

+0. 0031 

+0.0007 

4 

+ 

0. 0815 

—  0.  3201 

0. 0472 

—  0. 1504 

+0.0410 

— 0. 0274 

4 

—  2 

2.3198 

+16. 4362 

0.  2484 

—  3- 9932 

— 0. 0319 

+0. 1450 

4 

—  3 

+ 

13. 7024 

+  6.5087 

+ 

8.3244 

—  4. 1262 

+0. 2293 

+0. 0900 

4 

—  4 

2.  2470 

+  2.7601 

1.7055 

—  2. 2242 

+0.0144 

— 0. 0092 

4 

-  5 

0. 0332 

+  0.1572 

0. 0506 

—  0. 1667 

+0. 0037 

+0. 0075 

4 

—  6 

+ 

0.0012 

-f  0.0065 

0.0001 

—  0.0092 

+0. 0002 

+0. 0003 

4 

—  7 

+ 

0.0001 

-f  0.0002 

+ 

0.0001 

—  0.0005 

u 
COS  i 
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Arg= 

V 

U 

COS  i 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

i'  % 

// 

// 

// 

// 

// 

5  0 

+ 

0.0033 

+ 

0.004s 

—  0.0033 

-fb.  0046 

—0.0016 

+0. 0039 

5  —  ^ 

+ 

0. 2759 

+ 

0.3880 

—  0. 1394 

-|-o.  1924 

— 0.0701 

+0. 1627 

5  —  2 

+422.  3883 

+992.  7791 

—  5-6159 

-fa.  7834 

+0.  2807 

—0.0133 

5  —  3 

— 154.  7622 

+  11.5283 

— 70. 0373 

— 5. 8016 

—3. 6469 

+0.  3547 

5  —  4 

-U 

2. 7333 

—  2.3305 

—2. 0196 

— 0.  0940 

+0. 0523 

5  —  S 

—  0.  0013 

-fo.  3980 

+0.  0022 

+0. 0047 

e    ^ 

0. 0718 

J_ 

  0.  0789 

-|-o.  0026 

— 0, 0025 

+0. 0022 

5  —  7 

_L 

0. 0017 

  0.  0047 

—0.  0015 

—0.  0002 

+0. 0002 

5  ~~  ^ 

0. 0001 

J_ 

0.  0001 

—  0.  0002 

—0.  0001 

6  —  I 

+ 

0.0015 

+ 

0. 0002 

—  0.0008 

0.0000 

0.0000 

+0. 0007 

6—2 

+ 

0. 1034 

+ 

0. 0464 

—  0. 0368 

-|-o.  0099 

+0, 0073 

+0.0013 

6-3 

1.7528 

+ 

1. 1480 

—  0. 5718 

— 0. 4205 

— 0. 0322 

+0.0175 

6  —  4 

1 . 4049 

-|-  0.  2423 

' — 0. 9807 

+0. 0141 

+0. 0441 

0  —  5 

0. 8104 

J- 
1 

0.  0070 

—  0.  6500 

+0.  005 1 

—0.  0122 

+0. 0021 

v>  —  u 

J_ 

0.  0072 

0  ^  cro 

0.  0709 

-fo.  3193 

—0.  0015 

+0. 0028 

o  —  7 

0.  OO04 

0.  021'7 

—  0. 0075 

+0. 0346 

— 0,  001 1 

— 0. 0009 

vj  —  o 

0. 0015 

0, 0015 

—  0.0015 

*^o,  0022 

0. 0000 

0, 0000 

6    Q 

o  —  9 

0.  0001 

0. 0001 

—  0,  0001 

-\-o,  0001 

7  —  2 

+ 

0. 0062 

— 

0. 0060 

—  0.0033 

— 0. 0029 

+0. 0029 

— 0, 0012 

7  —  3 

— 

0. 6842 

+ 

1.3256 

—  0.0618 

— 0. 1705 

— 0.  0050 

+0. 0020 

7  —  4 

+ 

I . 0896 

+ 

1.0599 

+  0. 5940 

— 0. 59"^ 

-j-o.  0372 

7  ^  5 

0. 3348 

+ 

0.  2042 

—  0.  2545 

 0.  144^ 

—0,  0099 

+0.  0074 

0. 0655 

0. 2960 

—  0.  0525 

-f-o.  2531 

— 0. 0015 

— 0. 0039 

7  7 

0. 0047 

-j-  u.  iZQy 

-(-U.  UUUl 

—0. 0016 

— 0.  0004 

4- 

0.  01  7*7 

0. 0080 

+  0.0153 

-j-o.  0070 

-j-o.  0002 

—0.  0005 

T  —  ft 

4- 

0.  0006 

0. 0010 

+  0. 0010 

+0. 001 1 

J   IQ 

0. 0000 

0. 0001 

0.  0000 

-|-0.  0001 

8—2 

+ 

0. 0002 

+ 

0. 0006 

—  0.0001 

+0. 0002 

8-3 

+ 

0,0117 

+ 

0, 0930 

—  0.0041 

+0. 0149 

+0. 0010 

+0. 0010 

8-4 

0. 4080 

0. 1116 

—  0. 1735 

-|-o.  0424 

— 0.  0110 

— 0.0039 

8-5 

0. 0981 

+ 

0. 1506 

—  0.0737 

—0.  0996 

— 0. 0043 

+0. 0063 

8—6 

0. 0972 

0.  1 102 

—  0. 0748 

+0. 0932 

—0.  0031 

—0.  0031 

o  —  7 

+ 

0. 1 141 

0,0515 

+  0. 1020 

-|-o.  0441 

+0. 0012 

— 0. 0009 

c    c 

+ 

0. 0112 

+ 

0. 0537 

-|-  0. 0125 

— 0.  0498 

0. 0000 

+0, 0007 

fi    n 

o  —  9 

+ 

0.0053 

+ 

0. 0057 

+  0.0054 

— 0. 0064 

-|-o.  0003 

+0. 0001 

g   10 

+ 

0. 0007 

+ 

0. 0002 

-|-  0,0008 

— 0.0004 

g   11 

+ 

0,0001 

0.0000 

-f  0.0001 

0. 0000 

9  —  3 

+ 

0,0016 

+ 

0. 0008 

—  0.0008 

+0, 0003 

9  —  4 

0. 0859 

+ 

0. 0205 

—  0.0200 

— 0. 0067 

—0.0004 

— 0. 0003 

9  -  5 

0.0048 

+ 

0. 1030 

—  0.0052 

— 0. 0618 

+0.  0002 

+0. 0048 

9-6 

0.0553 

0.0185 

—  0.0414 

+0.0166 

— 0. 0025 

— 0.0008 

9  -  7 

+ 

0. 0381 

0. 0507 

H-  0. 0347 

+0.0418 

+0, 0009 

— 0.0015 

9-8 

+ 

0.0327 

+ 

0. 0438 

+  0.0293 

—0, 0404 

+0. 0004 

+0.0003 

9  —  9 

0.  0201 

+ 

0. 0098 

—  0.0187 

— 0.  0102 

+0. 0002 

— 0.0001 
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Arg= 
i*o'  -4-  io 

y 

u 
cost 

Bin* 

COB* 

COB. 

Bin. 

sin. 

COB. 

1  % 

t  // 

// 

// 

// 

// 

// 

9— IO 

— 0.  0021 

-|-o.  0032 

— 0. 0024 

0034 

9— n 

O.OOOO 

-I-0.0004 

— 0.0001 

^^^-00605 

IO —  4 

— 1. 0301 

+1.0224 

+0.0164 

+0. 0227 

+0. 0003 

+0.'00I2 

—0. 1884 

—0. 3832 

— 0. 0931 

+0. 1880 

— 0.0061 

— 0.0I5I 

IO —  6 

—0. 0243 

— 0. 0007 

— 0. 0181 

+0. 0029 

— 0.0012 

— 0. 0003 

10 —  7 

-fo.  0031 

— 0. 0249 

+0. 0039 

+0. 0202 

+0. 0002 

— 0.  0011 

IO—  8 

-|-o,  0268 

+0.0125 

+0. 0232 

— O.OI2I 

+0. 0007 

+0. 0003 

10 —  9 

— 0.OI6I 

+0.0188 

— 0.0152 

— 0.0174 

IO— IO 

— 0. 0061 

— 0. 0071 

— 0. 0063 

+0. 0065 

IO— II 

—0,0018 

— 0. 0007 

— 0. 0019 

+0. 0008 

10—12 

— 0. 0002 

+0.0001 

— 0. 0002 

0.0000 

—0.0088 

— 0. 0063 

— 0. 0032 

+0. 0018 

II—  6 

— 0. 0077 

+0. 0062 

— 0. 0051 

— 0.0038 

— 0. 0004 

+0. 0003 

II—  7 

— 0. 0033 

— 0. 0081 

— 0.0021 

+0. 0064 

— 0. 0002 

+0. 0005 

II—  8 

-fo.0119 

— 0. 0009 

+0. 0103 

0.0000 

+0. 0005 

— 0.0001 

II—  9 

— 0. 0032 

+0. 0140 

— 0. 0035 

— 0.0126 

-—0,0001 

+0.0004 

II— 10 

— 0,  0102 

-0. 005s 

— 0. 0096 

+0. 0052 

II— II 

+0.  0022 

— 0. 0033 

+0. 0020 

+0.0034 

II— 12 

-|-o.  0001 

— 0. 0009 

+0.  0002 

+0. 0010 

— 0. 0068 

—0, 0017 

12—  6 

— 0. 0038 

+0. 0083 

— 0.  0021 

— 0. 0045 

12—  7 

—0. 0024 

—0, 0017 

— 0.0016 

+0. 0014 

12—  8 

+0. 003s 

— 0. 0024 

+0. 0030 

+0.0017 

12 —  9 

+0.0017 

+0.0059 

+0.0012 

— 0.0054 

12—10 

— 0. 0072 

— 0.0001 

—0. 0068 

+0. 0003 

12— II 

+0. 0013 

—0, 0053 

+0. 0013 

+0, 0052 

12—12 

-f  0. 0018 

+0.0004 

+0.0018 

— 0. 0003 
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+0.0434 
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+0. 0006 

+0. 0012 
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6—  7 

+0. 0069 
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PERTURBATIONS  OF  SATURN  BY  URANUS  OF  THE  FIRST  ORDER  WITH  RESPECT  TO  THE  DISTURB- 
ING FORCE. 

The  method  to  be  followed  in  this  chapter  is  almost  precisely  identical  with  that 
of  the  preceding  chapters.  This  will  relieve  us  from  the  necessity  of  restating  formulae. 
The  single  point  of  difference  is  that  here  it  will  suffice  to  divide  the  circumference, 
with  reference  to  the  mean  anomaly  of  Uranus,  into  twelve  parts,  instead  of  the  sixteen 
which  were  employed  for  Saturn  in  Chapter  I.  As  here  the  elements  of  Saturn  take 
the  place  of  those  of  Jupiter,  and  the  elements  of  Uranus  the  place  of  those  of  Saturn, 
for  convenience  we  will  denote  the  former  without  accents  and  the  latter  with  a  single 
accent,  reserving  to  ourselves  the  liberty  of  denoting,  at  the  end,  the  mean  anomaly  of 
Uranus  as  g''. 

The  elements  of  Uranus  adopted  are  as  follows :  * 

Epoch,  1850,  Jan.  0.0,  Greenwich  M.  T. 
L'=  28°  25'  i7/'o5 

&^  73°  14'  8/'o 
i*  =    0°  46'  2o/'s4 
e'  =  0.0469236 
=  iS425."7S2 


log  a'  =  1. 2831044 

These  elements  include  the  effect  of  the  4000  year  inequality  produced  by  Nept- 
une. It  seems  better  to  do  this  than  to  take  mean  elements,  for  the  reason  that,  in  the 
latter  way,  it  would  be  necessary  to  consider  terms  proportional  to  the  product  of  the 
masses  of  Uranus  and  Neptune  and  involving  the  anomalies  of  all  three  planets.  Log 
a'  includes  the  constant  term  of  the  perturbations  of  the  logarithm  of  the  radius  vector, 
which  is  +0.0001972.  For  a  like  reason,  adding  to  log  a  of  Saturn  +0.0001854,  we 
have  log  a  —  0.9796819,  which  gives  log  oc  —  9.6965775. 

The  coefficients  of  the  terms  of  the  developments  of  the  reciprocal  of  the  distance 

between  Saturn  and  Uranus  and  its  odd  powers,  as  periodic  functions  of  the  two 
mean  anomalies,  are  then  functions  of  the  following  six  elements : 

o  /  // 

log  a  =  9.6965775                   J  =    I  57  24.44 

e  =0.05605688                 11  =  143  20  42.93 

€'  =  0.0469236                   JI'=22i  29  41.56 


*An  Investigation  of  the  Orbit  of  Uranus,  with  General  Tables  of  its  Motion. 


By  Prof.  S.  Newcomb,  p,  181. 
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n  and  n'  are  measured  from  the  ascending  node  of  the  orbit  of  Uranus  on  that  of 
Saturn.  In  developing  these  quantities  it  is  preferable  to  proceed  as  if  Uranus  were 
the  disturbed  planet,  as  in  this  way     is  smaller. 

The  values  of  the  auxilliary  constants,  entirely  similar  to  those  of  Chapter  I,  are 


\ogh 

=  9-999909^ 

K 

=  78     8  0.98 

log  hi 

=  9-9993370 

K, 

=  78     9  56.24 

logi> 

=  O.OI93IOO 

P 

=  21    41  9.00 

logv 

=  9-9969531 

Y 

=  78    II  3.42 

log 

=  9.9966348 

W 

=  56    28  12.76 

log 

=  9.9971648 

=  56    27  26.24 

logKz 

=  6.8904128 

log  (e'  iW*) 

=  3.9858164 

yo=  1.2457067  —  [8.9724213]  COS       +  [7.3427826]  COS^     +  [8.7486289]/ COS  P 

We  compute  the  values  of    corresponding  to  the  five  following  values  of  ^: 

30°     31°    24'  2.''8o 

60  62        22       55.  89 

90  92  41  8.  06 
120  122  16  23.  44 
150     151      17     29.  20 

The  values  for  the  seven  remaining  points  of  division  of  the  circumference  are 
either  known  or  readily  deducible  from  these.  By  substituting  them  in  the  equations 
which  give  the  values  of     /  and  F  we  get  the  following  table : 


9' 

ro 

log/ 

F- 

9' 

0 

0 

0 

I. 1665387 

9. 9787586 

76 

28 

56.89 

30 

I. 1496185 

9. 9746368 

79 

25 

47.29 

60 

I. 1607263 

9-  9776345 

81 

59 

12.98 

90 

1. 1961616 

9. 9862614 

83 

21 

40.  55 

120 

1.2452725 

9. 9972220 

83 

15 

36.  OS 

150 

I. 2945026 

o-  0073536 

81 

51 

46.09 

180 

1. 3313106 

0.0145142 

79 

37 

5.58 

210 

1.3468479 

0.0175338 

77 

4 

25.  21 

240 

1.3374098 

0. 0159203 

74 

47 

12. 93 

270 

1. 305014 1 

0.0097458 

73 

16 

49.81 

300 

I. 2572822 

9. 9998678 

72 

58 

59.03 

1.2063954 

9- 9883863 

74 

6 

34.67 

s 

7.4985401 

9. 98391 7 1 

469 

7 

3-50 

S' 

7.4985401 

9. 9839171 

469 

7 

3-54 
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Ill 


In  the  next  step  we  obtain 


a' 

c 

log^ 

Q- 

(°) 

I. 1672734 

9- 979145 1 

0 

76 

30 

// 

30,41 

(0 

1, 1503098 

9.9749759  . 

^  79_23 

37.58 

(2) 

I. I6I02I7 

9- 9775301 

81 

55 

52. 67 

I. I96I 720 

9,  9050422 

83 

20 

53-54 

Q.  006020^ 

83 

18 

(5) 

I , 2949840 

0. 0074544 

Si 

55 

0.  82 

(6) 

1.3320624 

0, 0149069 

79 

38 

16.  18 

(7) 

1.3475581 

O.OI7S806 

77 

2 

33.  62 

(8) 

1,3378019 

0,0159238 

74 

43 

53.  70 

(9) 

1.3050786 

0, 0093943 

73 

14 

59.  36 

(10) 

1,2573216 

9. 9994858 

73 

0 

27.55 

(") 

I,  2067726 

9. 9883736 

74 

9 

58.57 

S 

7.5008751 

9. 9839210 

469 

7 

3.56 

S' 

7.5008751 

9, 9839210 

469 

7 

3-49 

And  in  fine 


0' 

log  N 

log  a 

logb 

(0) 

0.0179713 

9,7140577 

6.  61024 

(0 

0.02 1  g6n 

9.7178680 

6.  61441 

(2) 

0. 0194011 

9.7153021 

6.  61 185 

(3) 

0. 01 12542 

9.  7073206 

6.  60354 

(4) 

0,0003161 

9.  6965315 

6.  59245 

(5) 

9.  9897914 

9.  6860072 

6.58193 

(6) 

9.  9822142 

9.  6783051 

6, 57448 

(7) 

9.9791056 

9. 6750617 

6.57150 

(8) 

9.9810313 

9. 6769564 

6. 57346 

(9) 

9.9876671 

9, 6836984 

6.57999 

(10) 

9.9977306 

9. 6939169 

6.  58990 

(") 

0.  0088850 

9, 7051136 

6, 6oioi 

S 

9, 9986646 

8. 1750697 

89*5523^ 

S' 

9,  9986644 

8. 1750695 

«9.  55239 
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The  values  of  the      are  taken  from  Runkle's  Tables.*    We  get 


log  6;^' 


log  & 


log  6 


log6i*> 


log  6* 


(o) 
(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 

(8) 
(9) 

(10) 

(II) 

S 


o.  3342404 
o. 3349185 
o.  3344602 

o-  3330791 
0.33I3I46 

o.  32969S4 

0.3285771 
o.  3281 197 

o.  3283857 
o. 3293570 
o. 3309036 
o.  3327087 

I. 9878816 
I. 9878814 


9. 7638610 
9. 7686880 
9- 7654350 
9- 7553834 
9. 7419491 
9. 7290018 
9.7196184 
9.7156892 
9.7179830 
9. 7261811 
9. 7387185 
9. 7526214 

8. 4475650 
8. 4475649 


9. 3586856 
9. 3674426 
9- 3615427 
9- 3432656 
9-3187311 
9- 2949759 
9. 2776942 
9. 2704416 
9. 2746766 
9. 2897866 
9. 3128136 

9-  33^2:ii:i 

5. 9041438 
5.9041436 


8. 9964864 
9.  0091 166 
9.  0006082 
8. 9742217 

8.  9387355 
8. 9043078 
8. 8792213 

8. 8748376 
8. 8967784 
8. 9301657 
8.  9669462 

3. 6200547 
3. 6200543 


8. 654338 
8.  670818 
8. 659717 
8.  625270 
8.  578894 
8.  S33^So 
8. 500998 
8.  487192 
8.495256 
8.  523993 
8. 567687 
8.615766 

1.456890 
1.456889 


8.  323844 
8. 344162 
8. 330477 
8. 287993 
8.  230757 
8.175127 
8. 134529 
8.  1 1 7462 
8.  127431 
8.  16294S 
8.  216919 
8. 276267 

89. 363957 
89- 3^3959 


log  h 


(8) 


log  &| 


log 


(10) 


10g6<°> 


log  6j 


(1) 


(o) 
(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 

(11) 
S 


7.68353 
7.71150 
7. 69265 
7.  63414 

7*55523 
7.47848 
7. 42242 
7.39880 
7.41259 
7.46166 

7.53614 
7.61798 

85.30256 
85.30256 


7. 37005 
7.40184 
7- 38043 
7-3^3^9 
7.  22416 

7. 13684 
7' 07306 
7. 04620 
7. 06189 

7.11771 
7.  20245 

7.  29552 

83.31204 
83.31200 


7.05989 

7.09551 
7.07152 
6. 99698 
6. 89642 
6. 79854 
6.  72703 
6. 69693 
6.71452 
6. 77709 
6. 87208 
6. 97638 

81.34146 
81.34143 


6.  7527 
6.  7922 
6.  7656 
6.  6830 
6.5717 
6.4633 
6.  3841 
6. 3507 
6. 3703 
6. 4396 
6.5448 
6. 6602 

79. 3892 
79.  3892 


o.  6006482 
o.  6067952 
o. 6026394 
0.5901237 
0.574I4II 
0.5595140 

o.  5493706 

o. 5452339 
o.  5476408 

0.5564251 

o.  5704212 
o. 5867688 

3.4448613 
3. 4448607 


o.  4467923 
o. 4559624 

0.4497729 

o. 4308901 
o.  4062060 
o.  3829910 
o. 366S031 
o.  3596800 

o.  3636573 
o.  3780055 
0.4003617 

o.  4257641 

1.6332933 
1. 6332931 


*New  Tables  of  tlie  Coefficients  of  the  Perturbative  Function. 
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log  C| 

loor  ft- 

log  61'' 

log  6^ 

locC 

(o) 

o.  2415444 

0.  0140476 

9. 7740086 

9.5258905 

9. 272126 

9.  01418 

8. 75302 

(0 

0.  2542033 

0.  0303401 

9. 7939980 

9.5496I3I 

9. 299601 

9.  04543 

8. 78804 

(2) 

0.  2456651 

0.0193555 

9.7805243 

9- 5336254 

9.  281087 

9.02437 

8. 7644s 

(3) 

0. 2194566 

9.9855253 

9. 7389410 

9.4842189 

^    g. 223814 

8.95921 

8. 69138 

(4) 

0.  1848239 

9. 9405628 

9. 6834802 

9.4181700 

9.147123 

8. 87184 

8.59331 

(5) 

0. 15 18569 

9.  8974915 

9. 6301498 

9-  3544982 

9. 073061 

8. 78736 

8. 49839 

0.  IZ02U42 

9«  00042/0 

n  C  n  f  C  fin  1 
9.  59*5093 

9' 3003390 

^' 72597 

8. 42934 

(7) 

0.1183573 

9.8534560 

9.  5754269 

9.  289007 1 

8.  996753 

8.  70021 

8. 40036 

(8) 

0. 1241015 

9. 8610258 

9.5848450 

9.  3002930 

9. 009899 

8.  71522 

8.41726 

(9) 

0. I447261 

9. 8881404 

9.6185459 

9.3406239 

9. 056907 

8. 76892 

8.47765 

(10) 

0. I76561I 

9. 9297923 

9.  6701626 

9. 4022843 

9.  128657 

8. 85079 

8.  56967 

(") 

0.  2122997 

9. 9762577 

9-  7275277 

9. 4706408 

9.  20S060 

8. 94128 

8. 67127 

S 

I. 1009002 

9. 63I2II8 

8. 0845910 

6. 4886028 

4.  858184 

3. 20237 

1.52705 

S' 

I. 1008999 

9. 63I2IIO 

8. 0845901 

6. 4886020 

4.  858196 

3.  20241 

1.52709 

log^r 

log  6| 

log  &| 

log  6| 

log  &| 

(0) 

8.48933 

8. 2234 

1.05063 

0. 99609 

0. 88273 

0. 73389 

(I) 

8.52813 

8.  2660 

I . 06489 

1. 01 189 

0.901 13 

0.  75536 

(2) 

8.  50199 

8. 2373 

1.05526 

I. 00122 

0. 88872 

0. 74086 

(3) 

8. 42099 

8. 1484 

1. 02616 

0.  96885 

0. 85085 

0. 69654 

(4) 

8. 31221 

8. 0285 

0. 98880 

0. 92691 

0.80132 

0. 63817 

(5) 

8. 20683 

7, 9126 

0. 95443 

0.  88790 

0. 75479 

0.  58291 

(6) 

8. 13012 

7.8283 

0. 93049 

0. 86045 

0,  72176 

0.  54344 

(7) 

8. 09792 

7.  7929 

0.  92069 

0. 84914 

0.  70804 

0.  52700 

(8) 

8. 11671 

7.8137 

0. 92640 

0.  85573 

0.71606 

0.  53660 

(9) 

8, 18380 

7.8875 

0, 94717 

0.  87959 

0. 74483 

0.57102 

(10) 

8. 28596 

7.9997 

0. 98008 

0.  91705 

0. 78962 

0. 62430 

(11) 

8. 39867 

8, 1235 

1. 01833 

0.  96010 

0. 84055 

0,  68444 

S 

89. 83632 

88. 1309 

5.93166 

5.55745 

4. 80021 

3.81726 

S' 

89. 83634 

88. 1309 

5.93167 

5.55747 

4. 80019 

3.81727 

25  AST  S 


114  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


1  I** 

log  6b 

log  6| 

1  it*' 
log  6| 

log6<" 

log6<" 

logt<'> 

W 

0.  37240 

ft  I'TftR'> 

9.  95900 

9,  741 1 

ft  e ific 
9- 5*05 

W 

0. 50O27 

0. 40065 

ft  '>ft'>fi'5 

ft    Aft  1 

9,  995 1 2 

9- 559^ 

0.  5^95" 

ft  ^RfTft 

0.  1 8 1 1*9 

ft  ft*T¥ftR 

ft   T  e  iR 

9*  753<> 

ft    C  1f\A 

(3) 

0.  5 

ft  ■5'>^ftC 
0.  32305 

0.  1 1 522 

ft  RftTTl 

9.  09771 

9.6725 

ft    A  AH 
9.  441  1 

(4J 

0*  45037 

ft  ft'>*7'>'T 

9-  79940 

9*  5639 

ft  ■5'>'?ft 
9. 3220 

0. 1 7 103 

9. 94318 

9. 70534 

9. 4595 

9,  2072 

(6) 

0. 33948 

0. 1 1762 

9. 88259 

9. 63746 

9- 3843 

9- 1245 

(7) 

0. 32005 

0. 09520 

9-85684 

9. 60864 

9.  3523 

9. 0894 

ft    "ill  AA 

0. 10832 

0  8'720± 

0  62C60 

ft  1*711 

9, 1 100 

(9) 

0. 37190 

0. 15500 

9-92513  • 

9.  68507 

9- 4369 

9. 1821 

(10) 

0. 43423 

0.  22672 

0.  00637 

9.  77600 

9-5376 

9.  2927 

0. 50420 

0,  30697 

0.09701 

9.87738 

9.  6501 

9.  4168 

s 

2. 68656 

1.45204 

0. 14028 

8. 76928 

7-3518 

5.8961 

S' 

2. 68648 

1. 45190 

0.  1 4001 

8. 76926 

7. 3514 

5- 8957 

The  quantities  d  log  ki  and     were  computed  as  in  Chapter  I,  but  we  pass  over  them 

a' 

to  the  coefficients  A  *    In  the  development  of  ^  the  latter  are : 


a1*> 

a(0 

7 

8 

8 

8 

8 

8 

8 

(0) 

1874943 

4-1177066 

-  4899385 

—  1766623 

—  899917 

—  559069 

+  654946 

(0 

1895225 

944398 

5055152 

I9O367I 

738274 

471567 

760405 

(2) 

I 8823 I 2 

709523 

5028771 

1924952 

556101 

357552 

796140 

(3) 

1841607 

563723 

4840437 

1835652 

433858 

275136 

757973 

(4) 

1788462 

539609 

4574377 

1690549 

403260 

249140 

68031 I 

(5) 

1738996 

616009 

4316660 

I54I518 

447582 

268384 

595211 

(6) 

1704404 

754842 

4122426 

141 7 I 24 

536430 

3I265I 

518401 

(7) 

1690485 

923128 

4019319 

1331006 

646312 

368098 

456851 

(8) 

I 699 I 64 

1094561 

4020736 

1293582 

762323 

428572 

417018 

(9) 

1729327 

I  241 964 

4132273 

1317235 

871408 

491 164 

408667 

(10) 

1776200 

1329741 

4346774 

1413165 

953038 

548722 

444557 

(") 

1829843 

+  I316124 

—  4628633 

—1576929 

—  973637 

-  581363 

+  532293 

S 

1.0725485 

+5605342 

—26992469 

—9505995 

 ^4111069 

—2455706 

+3511373 

S' 

1.0725483 

+5605346 

—26992474 

—950601 1 

— 4IIIO7I 

—2455712 

+35  "400 

*  These  coefficients  have  all  been  divided  by  1 2  in  order  to  save  the  division  by  6  and  afterwards  by  2,  which  otherwise  would 
have  to  be  performed  in  the  following  process  of  mechanical  quadratures. 


FIRST  ORDER  PERTURBATIONS  OF  SATURN  BY  URANUS. 


"5 


At*) 

(0) 

(1) 

(2) 

(3) 
(4) 
(S) 
(6) 

(7)  . 

(8) 

(9) 

[lO) 
(II) 

s 

+  230353 
303146 
336667 
322830 
282354 
235041 
I899I8 
150672 
120769 

105863 

I 14925 
+  157470 

+  1274989 
+  1275022 

+  316767 
276930 
212463 
161679 
142699 
148889 
167766 
191591 
218345 
249265 

'y^A  Y  >(  9 
204^4^ 

+  313849 

+  I342188 

+  1342203 

8 

+  169020 
154603 
120708 
91066 

78353 
79004 
85665 
94119 
103940 
I 17227 
I36144 
+  157834 

+  693830 
+  693853 

8 

  70126 

II642I 
I422IO 

138875 
I 18332 
92715 
67368 

44339 
25296 
12860 

—  30142 

—435314 
—435352 

8 

—  13674 
41240 
59060 
^59632 
49485 

35955 
22265 

—  9604 
+  1296 

9517 

1 2030 
+  6551 

—  130332 
—130363 

8 

—  85928 
83172 

8 

—  41765 

43395 

66506 
49871 
41832 
40665 
42194 
44169 
46664 

60675 
-  74548 

—343800 
—343822 

35797 
26755 
21876 
20448 
20173 
19884 
19740 
20858 
24940 
—  32981 
— 164291 
—1 6432 1 

a;" 

Ai" 

-^10 

(0) 

8 

—  3250 

t 

—  6270 

8 

+  19364 

8 

+  8503 

8 

+5197 

8 

+3468 

8 

—  3479 

(I) 

+  12253 

-f  1988 

22013 

10868 

+  1036 

+  I5OI 

5218 

(0 

23726 

8998 

18893 

9805 

—3072 

—  824 

5012 

(3) 

25338 

10556 

I4II6 

7348 

4266 

1643 

3782 

(4) 

20466 

8293 

1 1252 

5709 

3256 

I216 

2863 

(S) 

13482 

4769 

10082 

4888 

— 1516 

—  376 

2335 

(6) 

+  6344 

+  1169 

9388 

4258 

+  243 

+  456 

1881 

(7) 

  240 

—  2083 

8580 

3532 

1769 

1 134 

1372 

(8) 

5982 

4892 

7790 

2798 

3043 

1662 

860 

(9) 

10738 

7380 

7645 

2370 

4231 

2176 

483 

(lo) 

13799 

9500 

9I9I 

2SII 

5501 

2863 

508 

(") 

—  12564 

—  10036 

+  13469 

+  4901 

+6393 

+3615 

—  1435 

S 

+  27505 

—  2202 

+75878 

+33884 

+7656 

+6409 

—14603 

S' 

+  27531 

—  2186 

+75905 

+33907 

+7647 

+6407  , 

— 14625 
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In  the  development  of  T-^Y  the  coefficients  are : 


Al') 

-Ai^) 

Ai.) 

(0 

(2) 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

(") 

7 

3758796 
39I924I 
3817256 
3507985 
3134340 
2815968 

3609347 
2529922 

2C79589 
2757523 
3053091 

3421787 

7 

+  615689 
508729 
375589 
281454 
249239 
264622 
308240 
369410 

443847 
526661 
603826 
+  645563 

7 

—  2563681 
2721311 
2658486 
2415836 
2115153 

1683942 
1607757 
1629379 
1751727 
1974374 

—  2271919 

7 

—1464338 
I 62 I 970 
1612294 

1454794 
I 24437 I 
1057581 

924813 
851309 
838178 
891710 
1022472 
— 1229155 

7 

—  746092 
628809 
465458 
343773 
297026 
307310 
350156 
413247 
493695 
589751 
689690 

-  759248 

7 

  632006 

547365 
408028 
297590 
250852 
252204 

279553 
322526 
380301 

455135 
543002 
—  61896I 

7 

+  740184 
883001 
909249 
820013 
684493 
558847 

463397 
400448 
370301 
378832 

439795 
+  566361 

S 

1.8952419 
I. 8952426 

+2596430 
+2596439 

—1. 2625015 
—1 . 2625038 

— 7106466 
— 7 1065 19 

—30421 17 
—3042138 

—2493742 
—2493781 

+3607419 
+3607502 

4 

Ai'' 

A*** 

(0) 

(0 

(2) 

(3) 
(4) 
(S) 
(6) 
(7) 
(8) 
(9) 

(10) 

(") 

7 

+  329286 

445195 
486402 
4421 14 
359918 
279792 

215365 
167613 
136120 
124495 
144048 
+  212039 

7 

+  452971 
406510 
306719 
221371 
182025 

177387 
190299 

213033 
245866 
292961 
356320 
+  423003 

7 

+  292157 
274288 
210659 
150799 
120937 

I 13954 
I 17692 
126788' 
I4I794 
166853 
206619 
+  257269 

7 

 I2II52 

206655 
248380 
230015 
182524 
I33616 
92525 
59767 

34575 
18344 
18145 
—  49022 

7 

—  27677 

85834 
120958 
115846 

89559 
60814 
35900 

—  I52I3 
+  2041 

I588I 
22917 
+  12585 

7 

-174135 
I7299I 
136095 
96865 

75757 
68842 
68059 
69877 
74756 
85888 
108059 
— 142516 

7 

-  97057 
103502 

84010 

59613 
45462 
39732 

37359 
36125 
36316 
40018 
50971 

—  72322 

S 

+1671139 
+1671248 

+1734200 
+1734265 

+  1089858 
+  108995  I 

—697301 
—697419 

—249136 
 249241 

—636861 
—636979 

—35  "75 
— 351312 
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A<-> 

7 

7 

7 

7 

7 

7 

7 

(0) 

-  7572 

—16446 

+  50757 

+24804 

+  15167 

+  III3O 

—11156 

(0 

+29256 

+  5367 

59220 

32538 

+  3092 

+  4936 

17179 

(2) 

55736 

23851 

50019 

28891 

—  9068 

—  2674 

16240 

(3) 

56466 

26545 

35488 

20563 

11941 

5062 

1 1 641 

(4) 

42501 

1943s 

26386 

14905 

8493 

3483 

8217 

(5) 

26172 

10448 

22II4 

1 1 940 

—  3697 

  1006 

6268 

(6) 

+  II742 

+  2440 

19629 

9915 

+  568 

+   1 168 

4816 

(7) 

-  425 

—  4269 

17602 

8072 

4040 

2848 

3448 

(8) 

10987 

10152 

16185 

6477 

7036 

4228 

2189 

(9) 

20589 

15980 

16562 

5721 

10205 

5772 

12S1 

(10) 

28215 

21922 

21200 

7216 

14133 

8085 

M33 

(") 

-27589 

-24851 

+  33322 

+13493 

+  17616 

+  10947 

-  4338 

S 

+  63205 

—  2794 

+  I84I76 

+92208 

+19343 

+  18454 

—44051 

S' 

+  63291 

—  2740 

+  184308 

+92327 

+  19315 

+  18435 

—44155 

In  the  development  of  f-^'Y  the  coefficients  are : 


Al^> 

AS-) 

Ai^> 

A<" 

A^ 

(0)- 

I. 14989 

6 

+  23672 

5 

-  98590 

5 

—  69581 

6 

—  35452 

6 

—  35995 

6 

+  42155 

6 

+  21912 

6 

+  30146 

(I) 

1.24434 

20243 

108237 

79550 

30841 

32133 

51840 

30516 

27861 

(2) 

1. 18376 

14635 

103505 

77514 

22377 

23498 

52370 

32729 

20634 

(3) 

1.00912 

10239 

87870 

65616 

15505 

16122 

44427 

28033 

14036 

(4) 

81594 

8276 

70291 

S1559 

12307 

12529 

34185 

21083 

10665 

(5) 

66690 

8066 

56640 

4043s 

1 1 749 

11661 

25836 

15204 

9642 

(6) 

57781 

8848 

48352 

33401 

12646 

12236 

20281 

1 1097 

9806 

(7) 

54516 

10353 

45044 

30042 

14583 

13806 

I7I42 

8451 

10740 

(8) 

56541 

12635 

46360 

30016 

17680 

1 65 10 

16077 

6961 

12570 

(9) 

64100 

15806 

52558 

33568 

22200 

20730 

17256 

6670 

15695 

(10) 

77652 

19645 

64250 

41538 

28019 

2661 1 

21552 

8285 

20495 

(II) 

96292 

+  23006 

—  81006 

—  54405 

—  33605 

—  32935 

+  30132 

+  13206 

+  26352 

S 

5-06933 

+  877II 

—4-31348 

—3. 03609 

—I.  28481 

-1.27379 

+  1.86620 

+  1.02067 

+1,04316 

5. 06944 

+  87713 

—4.31355 

—3. 03616 

—1.28483 

-1.27387 

+  1.86633 

+  1.02080 

+  1.04326 

ii8 
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4  (C) 

K 

A  (a) 

Ai 

1  (c) 

L  (a) 

*  (a) 

a; 

Ai" 

» 

6 

6 

6 

6 

6 

6 

6 

6 

(0) 

-[-22274 

—  923s 

—  237« 

—14972 

—  9294 

—  726 

—  1738 

+  5301 

+  2007 

+  1753 

(0 

21522 

1 62 1 9 

7594 

15302 

IOI93 

+2553 

+  5<*3 

6430 

3864 

+  367 

(2) 

16235 

1914^ 

105 13 

I  1024 

5120 

5393 

2545 

5337 

3373 

—  1059 

(3) 

10965 

16726 

9505 

7950 

5453 

5105 

2679 

3581 

2270 

I3I8 

(4) 

8140 

I  228 1 

OoOo 

5762 

3^57 

3604 

1820 

2471 

1527 

070 

7126 

4'^0I 

4871 

2066 

01 1 

1 020 

1 140 

(6) 

6985 

5491 

2412 

4575 

2806 

+  882 

+  202 

1629 

901 

+  52 

(7) 

7366 

3473 

—  lOOI 

4596 

2656 

—  31 

—  347 

1430 

718 

360 

W 

2030 

t       T  -if 
"T  135 

4957 

2708 

010 

^37 

1333 

504 

035 

(9) 

10287 

1 132 

1 108 

5994 

3119 

1604 

1376 

1426 

539 

961 

(10) 

13657 

1 198 

I7I3 

8074 

4248 

2352 

2016 

1950 

726 

I42I 

(II) 

+  18387 

—  3500 

+  IOI8 

—  "497 

-  6503 

-2483 

—2466 

+  3306 

+1465 

+  I9I3 

S 

+75642 

-49391 

—20263 

—50194 

—31039 

+  5983 

—  24 

+  18081 

+9978 

+  1932 

+75653 

—49403 

—20278 

—50210 

—31063 

+  5996 

—  16 

+  l8l02 

+9996 

+  1930 

The  formulae  for  mechanical  quadratures,  when  the  circumference  is  divided  into 
twelve  parts,  are  the  following :  * 


Let 


(o.6)  =  Yo  +  Ta 

(1.7)  =  T,  +  T, 

(2.8)  =  T,  +  Ts 

(S.ti)  =  Y5  +  Y„ 


(1)=X.- 


Y, 

Y. 


(i)=T.-Y,. 


Then  will 


6  (Co  +  Cb) 
6  (Co  -  Ce) 

3  (^^  +  ^'4) 

3{<^- 

3  («2  +  S4) 

3  («2  -  84) 

3  {Ci  +  fs) 

3  {Ci  -  fs) 
6C3 

3  («l+«5) 

3  («i  -  ^s) 
683 


=    (0.6) +  (2.8)  +(4.10) 

=   (1-7) +  (3.9)  +(S.ii) 

=  (0.6)-  {(2.8) +  (4.10)}  sin  30° 

=  {(i-7)  +  (S«ii)}sm  30° -(3.9) 

=  {(i-7)-(S«ii)}cos  30° 

=  {(2.8) -(4.10)}  cos  30° 

=    {%)  +  {(l)-(^d)lsin3o. 

=  {  (i)  -  i-h)  I  cos  30- 

=     m  -  (t)  +  (1^0) 

=  {(!)  +  (A)  1  sin  30^  +  (i) 

=  {(!)  +  (1^)  }  cos  30° 

=     W  -  (f )  +  (A)  

•Auseiuandersetzung,  Abh.  I,  se.  159, 160, 
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The  developments  of  the  reciprocal  of  the  distance  between  Saturn  and  Uranus, 
in  terms  of  the  eccentric  anomaly  of  the  fonner  and  the  mean  anomaly  of  the  latter, 
having  the  form 


follow : 


Arg. 


a' 

A 


O—  I 

O —  2 

o—  3 

o—  4 

0-  5 

1+  4 

1+  3 

1+  2 

1+  I 

I  o 

I  —  I 

1  —  2 

1—  3 
I—  4 

1-  5 

2+  3 

2  -f  2 
2+  I 

2  o 

2—  I 
2 —  2 
2-  3 
2—  4 
2-  S 

2—  6 

3+  2 

3+  •! 

3  o 

3—  I 
3—  2 
3—  3 
3—  4 
3-  5 
3-  6 
3—  7 

4+  I 

4  o 


1.0725484 
— o.  00890679 
-}-o.  00018228 
— o.  00000690 
-fo.  00000019 

— 0.00000001 
— o.  00000055 
-}-o.  00001030 
— o.  00033698 
+0. 05 1 1 968 
+0. 11210688 
-fo.  0025621 1 
— o.  00003945 
— o.  00000072 
-f  0.00000010 

0.00000000 
— o.  00000022 
-fo.  00001434 
-f  o.  0012618 
H-0. 03389697 
— o. I 90 I 2006 
-1-0. 00343686 
— 0.00004179 
-f  0.00000156 
— o.  00000003 

— 0.00000003 
-fo.  00000338 
— o.  0000347 
-|-o.  00412364 
— o.  02362413 
— 0.0491 14I8 
— 0.00125449 
+0. 00004566 
— o.  00000040 
— o.  00000006 

-j-o.  00000033 
— o.  0000062 


— o.  00299019 
-f  o.  00003470 
— o.  00000305 
-f  o.  00000023 

+0.00000002 

— o.  00000029 
+0.00001094 
— o.  00038819 

+0.0338456 

— o.  53984943 

+0. 00503565 

— o.  00008823 
+0. 00000356 
— o.  00000012 

0.00000000 
+0. 00000132 
— o. 00004077 
+0. 0029172 
— o.  04369799 
— o.  08222140 
— o.  00225108 
4-0. 00005201 
— 0.00000009 
— o.  0000001 1 

-j-o.  00000007 
— o.  000001 19 
+O.OOOI6I3 
— o. 00186127 
— o.  02644531 

+0. 07022773 

— o.  00230408 
-f-o.  00002260 
— o,  00000056 
+0. 00000001 

-fo.  00000005 
+0. 0000050 


I. 8952422 
— o. 1125150 
— 0.0018907 
+0.0001282 
— 0.0000048 
— 0.0000010 

— 0. 0000005 
— o.  0000085 
+0. 0003090 
— O.OI7I8I8 
+0.  3455498 
+0. 5192869 
— o.  0902955 

+0. 0033231 
— o.  0001040 
+0. 0000052 

— 0.000001 1 
+0.0000357 
— o.  0012894 

+0.0153956 

+0.  2927492 
—1.4212985 
+0. 0332629 
— o.  0003964 
+0. 0000107 
— 0.0000001 

+0. 0000021 
— o.  0000380 
— o.  0006969 
+0. 0519270 
— o.  2360309 

— 0..4987523 

+0. 01 6694 1 
— o.  0005478 
+0. 0000283 
— 0.0000014 

+0. 0000036 
— o.  0001946 


— o.  1915831 
+0, 0076481 
— o.  0001836 
+0. 0000074 
+0.0000007 

+0.0000004 
+0. 0000139 
— o.  0004494 
+0. 0063225 
+0, 2284427 

—2.5250053 
+0. 0568980 
+0.0001257 
— 0.0000192 
+0. 0000014 

+0. 0000005 
+0. 0000007 
— o.  0005004 

+0. 0364443 

-o.  3380255 
— o.  6084255 
+0. 0390821 
— o. 0014002 
+0. 0000560 
— o.  0000031 

+0. 0000024 
— o.  0000875 
+0. 0033038 
—0.0176977 
— o.  2881422 
+0.  72I492I 
— o.  0220076 
+0.0004550 
— o.  0000142 
+0. 0000010 

— o. 0000061 
+0.0001727 


5-06938 

— o. 66434 
— o. 05529 
+0. 00542 
— 0.00018 
0.00000 

— o.  00003 
+0.00022 
-j-o.  00200 
— o.  17097 

+1.72340 
+1.75424 

— o. 90859 
+0. 05206 
— o.  00085 
+0. 00005 

+0. 00003 
+0. 00069 
— o.  02060 
+0. 1 1643 
+1.52456 

— 6.07225 
+0. 16153 
+0.01492  - 
— 0.00117 
+0. 00004 

+0.  OOOII 

—0.00133 

— o.  00685 

+0.36525 

—1. 28925 

—2.  54766 

+0.31695 

— 0.01447 
+0. 00037 
— 0.00004 

0.00000 
— o.  00265 


—I- 35412 

+0. 09684 
— o.  00125 
0.00000 
+0. 00003 

+0. 00006 
+0. 00037 
— 0.01093 
+0. 08798 

+  1-13934 
--8. 62703 

+0. 33612 
+0. 03051 
— o.  00254 
+0,00013 

+0. 00002 
— 0.00054 
— o.  00349 
+0. 27401 
—1.67824 

—2.  56964 

+0.  55248 
— o.  02746 
+0. 00066 
— 0.00010 

— 0.00002 
— 0.00144 

+0. 03504 

— o.  10750 
—1.65646 

+3-  73253 
— o.  08208 
— o.  00645 
+0. 00048 
-j-o.  OOOOI 

— o,  00016 
+0. 00257 
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Arg. 


6- 
6- 
6- 
6- 
6- 
6- 
6- 
6- 
6- 
6- 


%' 
1 

2 

3 
4 
5 
6 

7 
8 

o 
I 

2 

3 
4 
5 

6 

7 
8 

9 

I 

2 

3 
4 
5 
6 

7 
8 

9 

10 

—  a 

—  3 

—  4 

—  5 

—  6 

—  7 

—  S 

—  9 

—  10 

•  3 

•  4 

•  5 
.  6 

7 

.  8 

9 
■  lo 


a 

/I 

i 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

+0. 00032826 

+0. 00002869 

-1-0.  00??  I  ^4 

+0. 001 2 174 

4-0. 04070 

4-0.  oix^x 

—0. 00 1 10824 

— 0.00396710 

— 0. 0109087 

— 0. 0564675 

 0.  0587^ 

— 0. 40866 

—0,01786394 

+0. 01058360 

— 0. 2382085 

+0. 1305823 

—I.  S^^^^ 

+0.  79698 

-fo.  02550011 

+0. 02684391 

-1-0.  '?^42';87 

-1-0.  ^46846? 

+2.  04147 

4-2. 08642 

— O.OOI454II 

+0. 00054586 

— 0.  oi?i^^8 

— 0. 0078763 

—0.  04808 

— 0. 17767 

-I-0.0000I5II 

— 0. 00003423 

+0. 0003827 

+0.  0001791 

— 0.  00226 

+0. 00762 

— 0. 00000008 

+0.00000044 

— 0. 0000108 

— 0.  0000129 

+0.  00015 

— 0. 00024 

+0. 00000002 

0.00000000 

+0. 0000003 

+0. 0000005 

— 0. 00005 

+0. 0000^ 

— 0.0000004 

— 0.0000004 

— 0. 0000182 

— 0. 0000003 

— 0. 00032 

+0. 00006 

+0, 00001760 

+0.00001 261 

-|-u.  uuojuiy 

t  r\  rv~\A  C\  C 
-j-O.  UU4U_5 

+0. 00007944 

— 0. 00038768 

+0. 0022294 

— 0. 0067512 

+0. 02394 

—0. 05887 

— 0. 0031 2321 

+0. 00028971 

— 0, 0509773 

+0. 0013033 

 0.  39350 

— 0. 00779 

+0.00384527 

+0, 01097506 

-l-O.  0??8747 

+0.  I74IIOO 

+0. 37661 

+  1.  2^V]% 

\   *  "JO/ 

+0.01387683 

— 0. 00870666 

+0. 2179809 

— 0. 1394720 

+  1.  51295 

— 0. 98794 

+0.00017098 

+0. 00086282 

— 0, 0045475 

+0. 0101665 

—0.  10047 

+0. 03192 

— 0. 00002302 

—0,00001163 

+0. 0000332 

— 0, 0002946 

+0, 00404 

+0. 00039 

+0. 00000039 

— 0.00000006 

— 0.0000048 

+0. 0000070 

—0.00018 

— 0. 00003 

— 0.00000001 

— 0, 00000001 

+0.0000004 

— 0. 0000002 

+0,00002 

+0. 00005 

+0. 00000033 

+0. 00000123 

+0, 0000074 

+0. 0000413 

+0,  OOOIO 

+0. 00060 

+0. 00002126 

—0. 00002574 

+0. 0005661 

— 0, 0005055 

-f-o.  00057 

—<J,  00500 

— 0. 00035022 

— O.OOOI334I 

— 0, 0066434 

— 0. 0033090 

— 0. 05920 

— 0. 03447 

— 0. 00021055 

+0.002I558I 

— 0. 0061802 

+0. 0400880 

— 0. 06562 

+0. 33418 

+0. 00627977 

— 0. 00087136 

+0.  II?8?20 

— o.oi^?8i5 

+0. 92810 

— 0. 09417 

— 0. 00260695 

— 0. 00687621 

— 0. 0498377 

—0. 127^840 

— 0. 40541 

— 1.00404 

+0. 00048380 

— 0. 00000971 

-4-0. 0064020 

4-0.  OO^I^?7 

+0. 02204 

+0. 05876 

— 0.00000904 

+0, 00001420 

— 0. 0002185 

+0. 0000129 

— 0. 00033 

— 0. 00215 

— 0. 00000009 

— 0.00000033 

-1-0.  OO0OO40 

+0. 0000006 

— 0. 00002 

+0. 00014 

+0. 00000002 

— O.OOOOOOOI 

— 0. 0000007 

— 0. 000001 1 

+0. 00000237 

— 0. 00000087 

-|-0.  \jUUU/  1 1 

— 0.  0000 

— 0. 00002587 

— 0. 00002841 

— 0.  000?24? 

— 0.  0007 'iO'? 

— 0. 00506 

— 0.  008 ?Q 

— 0. 00016002 

+0, 00026512 

— 0.  OO'?Q042 

w.  wo7y«f« 

-1-0. 00??  240 

— 0. 04225 

+0. 05146 

+0. 00134634 

+0. 00040426 

+0. 0282162 

4-0. 0000^78 

+0.  25479 

+0.  10029 

+0. 00020896 

— 0. 00338676 

+0.  005621 1 

— 0. 071 ^66^ 

+0. 05783 

— 0. 63154 

--0. 00328612 

+0. 00055036 

— 0. 0702487 

4-0. 0126406 

— 0.62102 

+0.  1 1070 

+0. 00004209 

— 0. 00025749 

+0,  002^1^5 

 0.  00^0054 

+0. 03598 

— 0. 01463 

+0. 00000813 

+0. 00000679 

+0.0000190 

+0.0001576 

— 0.  oou8 

+0. 00055 

— 0. 00000028 

+0. 00000004 

— 0. 0000005 

 0.0000042 

— 0. 00000088 

— 0. 00000336 

— 0.0000097 

— 0. 0000991 

+0.00001 

— 0.00128 

— 0. 00003137 

+0. 00002019 

—0,  0008558 

+0. 0004268 

— 0. 00992 

+0. 00408 

+0. 00017436 

+0.  OOOI562I 

+0.  0039729 

+0.0041038 

+0.  oz%sZ 

+0. 04500 

+0. 00040985 

— 0. 00077163 

+0. 0105231 

—0.0180233 

+0. 1 1040 

—0. 17588 

— O.OOI73II4 

— 0. 00046247 

—0.  0410675 

—0.  on  5685 

—0.  39870 

—0. 1 1670 

— 0. 00004388 

+0.00151783 

— 0. 0005534 

+0. 0368484 

— 0. 00040 

+0. 36183 

— 0.00013034 

— 0. 00004727 

— 0. 0022034 

—0.0016872 

— 0. 00894 

— 0. 02283 

+0. 00000478 

—0. 00000431 

+0. 0001091 

— 0.0000119 
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Arg. 


9- 
9- 
9- 
9- 
9- 
9- 
9- 

lO- 
lO- 
lO- 
lO- 
lO- 
lO- 

II  - 
II  - 
II  - 
II  - 

11  - 

12  - 
12  - 
12- 
12- 

13- 
13- 
13- 
14- 
14- 


4 
S 
6 

■  7 

■  8 

■  9 

10 

■  5 

■  6 

■  7 

.  8 

■  9 

■  lo 

-  6 

•  7 

8 

•  9 

lO 

■  7 
8 

9 

10 

■  8 
9 


9 

10 


A 


15  —  10 


— o.  00000393 
-(-0.00001242 
-j-o.  00013252 
— o.  00040704 
—0.0004 1 58 1 
-f-o.  00067791 
— o.  00003725 

— o.  00000025 
-fo.  00002535 
-  -  o.  00004934 
— o.  00023910 
-i-0. 00038360 
-1-0.00012816 

-|-o.  00000338 
— o.  00000036 
— o.  000071 1 1 

-1-0,00008339 
-[-0.00018889 

-|-o.  00000120 
— 0.00001388 
-|-o.  00000281 
-|-o.  00009694 

— 0.00000187 
— o.  0000035 1 
-(-o.  00002866 

— 0.00000126 
-[-o.  00000554 

-(-o,  00000071 


-fo.  00000040 
-|-o.  00002990 
— o.  00010042 
— o.  00033329 
-fo.  00083877 
-fo.  00015303 
-fo.  00006270 

-[-o.  00000388 
— o. 00000539 
— o.  00010118 
-1- 0.00019580 
-|-o.  00029707 
— o.  00029228 

-|-o.  00000084 
— 0.00001953 
-|-o.  00001874 
-1-0. 00015737 
— o.  00016364 

— o. 00000269 
— o.  00000244 
-f  0.00004657 
— o.  00002877 

— 0.00000135 
-|-o.  00000913 
-f  o.  00000394 

-(-O.0OO00I2I 

-f  o.  00000353 

-[-O.  000001 10 


— 0.0001 1 75 
-f  o.  0002644 
-\-o.  0037209 
— o.  0104824 
— O.OII27II 

-f-o.  018453s 
—0.001 1778 

— o.  0000220 
-(-o,  0007751 
— 0.0012882 
— o.  0071473 
-fo.  01 1 1602 
+0. 0036889 

-I-O.OOOII07 
-\-o.  0000358 
— o.  0023016 
-|-o.  0025234 
+0. 0060688 

-|-o.  0000525 
— o.  0004793 
-(-o.  0000279 
-|-o.  0033653 

— o.  0000677 
— 0.0001528 
-|-o.  0010597 

— o.  0000548 
-fo.  0002143 

-fo.  0000282 


—0.0000036 
-f  0.0008598 
— o.  0024728 
— o,  0092088 
-fo. 0221456 
-f  o.  0038658 
-fo.  001 1569 

-fO.OOOI2II 

— o.  0000971 
— o.  0030513 
+0, 005501 1 
-f  o.  0087864 
— o.  0088206 

-f o. 0000397 
— o.  0006364 
-f  o.  0004890 
-f  o.  0050808 

-0.0051955 

— o.  000091 1 
— 0.000II8I 
-fo.  0016148 
— o, 0009135 

— o.  0000568 
+0.0003342 

-f o.  0001896 

-f o. 0000542 
+0.0001533 

+0. 0000477 


COS. 


—0.00153 
+0.00235 
+0. 04285 

— O.  1I0I2 

— o.  12170 
+0. 19974 

— 0.00046 
+0. 00966 

—0.01373 

— o.  08475 
+0. 12826 

+0. 00151 
+0. 00088 
— o.  02954 
+0. 03012 

+0. 00086 
— o.  00655 
— 0.00042 

— o.  00096 
— o.  00244 

— 0.00090 


— 0.00016 
+0. 01027 
— o.  02544 
— o.  1 024 1 

H-o- 23453 
+0. 03862 

+0.00153 

— o.  00060 
— o.  03702 
+0.06185 
+0. 10217 

+0. 00068 
— o.  00827 
+0. 00501 
+0. 06429 

— o.  00132 
— o.  00193 
+0. 02194 

— 0.00091 

+0. 00479 

+0. 00063 


These  expressions  are  now  changed  to  the  form 
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.  The  data  and  formulae  for  this  operation  have  already  been  given  (pp.  52,  53). 
The  resulting  expressions  are 


a' 

A 

(1)' 

Arg. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

0 

t 

0 

1.0727980 

1.8983958 

5. 0880 

0  — 

I 

—0. 00890652 

—0. 00299095 

— 0. 1 122762 

—0. 1919365 

— 0.  6604 

-1-3589 

0  — 

2 

— 0. 00006683 

— 0. 00004887 

— 0. 0050426 

-|-o.  0022754 

— 0. 0742 

+0.0587 

0  — 

3 

— 0. 00000716 

— 0. 00000466 

— 0.0001 100 

-f  0.0000188 

-fo.  0015 

+0. 0026 

4 

— 0. 00000034 

— 0. 00000009 

— 0. 0000064 

+0. 0000046 

1  + 

3 

— 0. 00000045 

-|-o.  00000023 

— 0.00001 1 7 

— 0. 0000021 

1  + 

2 

— 0. 00000075 

-|-o.  00000799 

— 0. 0001798 

—0. 0002353 

— 0. 0028 

— 0. 0084 

1  + 

I 

— 0. 00038134 

—0.00017655 

— O.OI738S9 

+0. 0073338 

—0. 1717 

+0.0919 

0 

4-0. 0480640 

+0. 0489876 

-fo.  3314766 

+0. 2990375 

-f  1.6788 

+1.3786 

I  — 

I 

-1-0.11187535 

—0.  53970754 

+0. 5239494 

— 2. 5262128 

+1.8039 

—8. 6390 

2 

+0. 00569463 

— 0.0 1 008010 

— 0. 0757592 

— 0.0139522 

— 0.  8612 

+0. 0910 

3 

+0. 00023582 

—0. 00044138 

—0.  001 1 22 1 

+0. 0003367 

+0. 0031 

+0. 0393 

I  — 

4 

-j-0. 00001054 

— 0.00001967 

— 0. 0000779 

+0. 0000215 

+0. 0008 

+0. 0006 

5 

-|-o.  00000062 

— 0. 00000105 

— 0. 0000017 

+0. 0000023 

6 

-\-o.  00000003 

— 0. 00000006 

-f  0. 0000006 

+0. 0000003 

2  + 

2 

— 0. 00000024 

-fo.  00000085 

— 0.0000041 

— 0. 0000080 

+0.0001 

— 0. 0006 

2  + 

I 

+0. 00000242 

—0. 00002305 

—0.0013949 

— 0. 0003628 

— 0.  0212 

— 0. 0028 

2 

0 

+0. 00031 13 

-f  0. 0041432 

-f  0. 0072264 

4-0. 0459326 

+0. 0743 

+0.321 1 

2  — 

I 

+0. 04452774 

*  —0. 03905904 

-f  0. 3722012 

— 0, 3036208 

+1.8638 

—1.5323 

2  — 

2 

—0. 1 88863 1 8 

—0. 08299694 

— I.4II437I 

—0.  6192600 

— 6. 0240 

—2.  6550 

2  — 

3 

— 0. 00716277 

— 0. 00688517 

—0. 0459755 

-f  0. 0045796 

—0. 1787 

+0. 4062 

2  — 

4 

—0. 00034727 

— 0. 00039658 

— 0. 0020440 

— 0. 0000486 

+0. 0095 

+0. 0108 

2  — 

5 

—0.00001759 

— 0. 00002263 

— 0. 0000974 

-|-o.  0000165 

+0. 0004 

+0. 0003 

2  — 

6 

— 0. 00000090 

— 0.00000144 

— 0. 0000048 

-f  0.  0000002 

2  — 

7 

—0.00000005 

— 0.00000010 

— 0.  0000001 

-fo.  0000002 

3  + 

2 

-fo.  00000002 

+0. 00000008 

+0. 0000003 

-f  0. 0000004 

3  + 

I 

-fo.  00000193 

— 0. 00000026 

— 0. 0000568 

— 0. 0000786 

— 0. 0014 

— 0. 0014 

3 

0 

— 0.0001504 

-fo.  0002135 

— 0. 002I5I2 

+0. 0038023 

— 0.0170 

+0. 0380 

3  — 

I 

+0. 00538633 

— 0. 00029518 

+0. 0645244 

— 0. 0006875 

+0. 4341 

— 0. 0102 

3  — 

2 

— 0*01931519 

—0.03231744 

— 0. 19I9I24 

—0. 3483735 

— 1. 0601 

—1.9680 

3  — 

3 

— 0.04994189 

+0. 0685 102 1 

—0.5102235 

-1-0.  7027453 

—2.  6368 

+3. 6228 

3  — 

4 

— 0. 00542270 

-fo.  00350685 

—0.0258488 

+0.03758S3 

+0. 0980 

+0.  2265 

3  — 

5 

— 0. 00038622 

-fo.  00017269 

— 0.0016509 

-fo.  0021759 

+0.0058 

+0. 0060 

3  — 

6 

— 0. 00002537 

+0. 00000841 

— 0. 0000909 

-f  0.0001 241 

+0. 0004 

+0. 0003 

3- 

7 

— 0.000001 7 1 

+0.00000041 

— 0. 0000055 

-f  0. 0000079 

3  — 

8 

— 0. 00000013 

-fo.  00000002 

— 0. 0000003 

-fo.  0000005 

4  — 

0 

— 0. 0000154 

-f 0, 0000042 

— 0. 000350 

-fo.  000139 

— 0.0040 

+0. 0022 

4  — 

I 

+0. 0003687 

-fo.  0002631 

+0. 005834 

-fo.  004529 

+0. 0512 

+0. 0376 

4  — 

2 

+0. 0004843 

— 0. 0047580 

-f  0.010327 

— 0. 066129 

+0. 0780 

—0. 4674 

4  — 

3 

— 0. 0206566 

-fo.  0072916 

—0. 274560 

-fo.  087712 

-1. 7541 

+0.  5345 

4  — 

4 

+0. 0238870 

+0. 0273031 

-fo.  312224 

+0.  SS4333 

+1.8943 

+2.  1504 

5 

-|-o.  0012979 

+0. 0035822 

+0. 020807 

-f  0.031507 

+0. 1708 

+0. 0607 

FIRST  ORDER  PERTURBATIONS  OF  SATURN  BY  URANUS. 
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Arg. 

A 

(1)' 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 
4—6 

— ^U.  KKJ^jZfJjKJ 

-(-0.001310 

-f 0. 002378 

-fo.  0097 

-{-0. 0028 

A  —  7 

4  7 

— pU.  UULKJLKJ4 

-j-o.  000079 

'—(-©^000160 

-f  0.0006 

-fo.  0002 

4—8 

1  "  000001 c 

-|-o.  000005 

-f  0.000010 

5 —  0 

—0.0000009 

— 0. 0000008 

—0,  000028 

—0. 000010 

— 0. 0004 

0.0000 

5  —  I 

-|-o.  0000093 

+0,0000344 

-|-o.  000180 

-f  0.000739 

-f  0. 0022 

-{-0. 0078 

5—2 

-|-o.  0003529 

-0.0003754 

-|-o.  006671 

— 0. 006273 

-f  0. 0580 

—0. 0539 

5—  3 

— 0. 0034448 

— 0.  OOIOII4 

—0. 055452 

— 0. 019356 

— 0. 4226 

— 0. 1569 

?  —  d. 

J  T- 

-j-o,  0016055 

-^0.  OI208I2 

-|-o.  020523 

+0. 191535 

-f  0.1275 

+1.3752 

c   e 

J  D 

— Ln  fiT'3n5?C/i 

—  0  007/lfi0'3 

-|-o,  220383 

-  0. 119107 

+1-5396 

—0. 8347 

5—6 

-Un  no2i227 

 0  rwi9Cofi 

-fo.  026196 

— 0. 007706 

+0.1 138 

—0. 0939 

C  —  7 

-Uo  0000907 

-f-o.  002281 

—0. 000378 

-f  0. 0080 

— 0. 0068 

5—  8 

.^0    OOOOOjI  9 

-f-o.  000173 

—0. 000014 

-fo.  0005 

— 0. 0003 

-Lo  oooooon 

-{-0.000012 

-f  0.000001 

6—  I 

— 0.0000013 

-|-o.  0000024 

—0.  000033 

-f 0.000064 

—0.0004 

-fo.  0009 

6—  2 

-{-0. 0000494 

—0. 0000075 

-|-o.  001093 

—0.000097 

+0.01 13 

—0, 001 1 

6-  3 

—0. 0002856 

—0. 0003784 

— 0.  005183 

—0. 007847 

—0.0455 

— 0. 0722 

6—  4 

— 0. 001 1363 

-|-o.  0021744 

— 0.  023261 

-f  0. 040002 

—0.  2027 

+0. 3308 

6—  K 

-|-o.  0065724 

_j_o,  0005291 

-|-0.  1 21 250 

-fo.  012370 

-f  0. 9702 

+0. 1 1 25 

6—  6 

—0. 0017619 

— 0  006781  "3 

— 0.  033752 

—0. 125917 

— 0. 2707 

—0.9971 

6—  7 

-J-0. 0001224 

— 0. 001 1570 

— 0.  000360 

— O.OI8I56 

—0. 0330 

— 0. 1096 

6—  8 

-[-0,  0000429 

^-o.  0001 167 

-|-o.  000244 

— 0. 001764 

— 0.'0025 

— 0.0095 

6—  Q 

-J-0. 0000056 

 0  oooooofi 

-(-0. 000039 

— 0. 000145 

— 0. 0002 

—0.0008 

6  —  10 

_|_o.  0000005 

 0  0000007 

-fo.  000002 

— 0.000012 

7 —  2 

-{-0.  0000040 

-fo.  0000023 

-fo.  000100 

-fo.  000066 

-f  0.0013 

-fo.  0008 

7—  3 

-|-o.  0000002 

—0. 0000547 

-{-0. 000095 

— O.OOI29I 

-f  0.0012 

—0.0135 

7—  4 

— 0.  0003444 

-|-o.  0001711 

—0. 007835 

+0.003333 

—0. 0768 

+0. 0303 

7—  5 

-{-0.0012225 

-|-o.  0009977 

-|-o.  025322 

-fo.  022413 

-fo.  2271 

-fo.  2107 

7—  6 

-i-O  00I02AI 

 0  CiCil'iAAft 

-{-0. 022957 

— 0. 070456 

-fo.2ii8 

— 0. 6229 

/  / 

 n  GO'S  T  T  79 

— Lo  nnnniii 

— 0. 066772 

-f  0.001398 

—0. 5922 

-f  0.0156 

7—8 

V^-AJ J  0  J  1 

^  OOO'JO'SjI 

— 0. 011109 

— 0. 002641 

— 0. 0829 

— 0. 0027 

7  —  0 

 0  000062  "3 

 0  OOOOjI  9 1 

— 0.001 1 69 

— 0. 000517 

—0. 0082' 

— 0. 0009 

7  —  10 

— 0. 0000053 

 n  oooooC/i 

—0. 000100 

— 0. 000065 

— 0. 0008 

—0. 0001 

— 0.  0000005 

^— 0  oooooofi 

— 0. 000008 

— 0. 000006 

8-  3 

-|-o.  0000035 

—0, 0000046 

-{-0. 000109 

— O.OOOII8 

+0. 0013 

— 0.0015 

8-  4 

— 0. 0000509 

— 0. 0000091 

—0. 001283 

— 0. 000321 

— 0.0I4I 

— 0.0041 

8—  5 

-fo.  0000758 

+0. 0002764 

-fo.  001487 

-f d. 006887 

-fo.  0132 

-f  0. 0720 

8   6 

-f  0.018706 

—0. 01 401 8 

+0. 1897 

—0. 1354 

8-  7 

—0.  0015886 

— 0. 0009052 

— 0. 037644 

— 0. 022189 

—0. 3649 

— 0.  2209 

8—  8 

—0. 0003329 

-I-O.OOI35I3 

—0. 007637 

-f  0. 032892 

—0. 0725 

+0. 3239 

8-  9 

— 0.0001 741 

+0. 0002739 

— 0. 003192 

-fo.  0061 12 

—0.0179 

-f  0, 0541 

8  —  10 

— 0. 0000328 

-|-o.  0000297 

—0.000551 

-f  0. 000676 

— 0. 0032 

+0.0053 

8— II 

— 0.0000040 

-(-0. 0000023 

— 0. 000061 

-f  0. 000061 

— 0.0004 

-I-0.0005 

9—  4 

— 0.0000042 

—0.0000046 

— 0. 000II4 

— 0.000143 

— 0. 0014 

—0.0018 

9-  S 

— 0.0000155 

+0. 0000409 

— 0. 000508 

-fo.  001 114 

— 0. 0064 

-fo.  0127 

124 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


Arg. 

a' 

A 

(z)' 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 
9-  6 

9—  7 
9-  8 

9—  9 
9 — 10 
9— II 

-f  o.  0002006 
— 0. 0002612 
— 0. 0006385 
4-0, 0005456 
-|-o.  0001 164 
-f  0.0000130 

—0.0000135 
— 0. 0005177 
4-0. 0006958 
4-0. 0003003 
4-0. 0001 1 99 
4-0. 0000253 

4-0. 005449 
— 0. 006532 
— 0.017222 
4-0. OI492I 
-j-o.  003018 
4-0. 000318 

— 0.  000095 
—0. 014033 
4-0.018323 
4-0. 007893 
4-0.002659 
4-0.  000526 

4-0. 0607 
— 0. 0671 
—0.  1 85 1 
4-0.  1582 
+0.0444 
+0. 0068 

+0, 0009 
—0. 1532 

+0. 1933 
+0, 0846 
+0.0163 
+0. 0022 

10-  5 
10 —  6 
10—7 
10—8 
10 —  9 

10—  10 
10  —  II 

— 0. 0000049 
4-0. 0000289 
4-0. 0000186 

— 0. 0003265 

4-0. 0002717 
-j-0. 0000493 

4-0. 0000032 
4-0. 0000182 
—0. 0001334 
-f-o.  0000845 
4-0. 0003978 

— 0. 0000680 

— 0.000164 
4-0. 000853 
-j-o.  000727 
—0. 009655 
4-0. 007878 

— }-o.  mj^ooy 

4-0. 001382 

-fo.  000090 
4-0. 000606 
— 0. 003928 
4-0. 002208 
4-0. 01 1 75 1 

 0.  005052 

 0.  002065 

II   6 

II-  7 
II—  8 
II—  9 

II  —  lO 

II  —  II 

4-0. 0000020 

4-0.0000175 

— 0. 0000823 

4-0.0000115 

4-0. 0001924 
4-0. 0000541 

-j-o.  0000047 

— 0.0000187 

— 0. 0000297 
-j-o.  0001955 

— 0.0001 122 
—0.0000377 

4-0. 000055 
4-0. 000610 
— 0. 002612 
4-0. 000219 
-j-o.  006144 
-f  0.001705 

4-0. 000165 
—0. 000580 
—0. 001067 
4-0. 006264 
—0. 003546 
—0.001225 

By  the  method  previously  given  (p.  52),  we  compute  the  Besselian  functions 
corresponding  to  various  multiples  of  half  the  eccentricity  of  Uranus,  and  find 


iogjr= 

9.9997609 

log  jy'= 

8.3702418 

log  jr = 

6,4396129 

iogjr= 

9.9990432 

iogj:?'= 

8.67O9I3I 

7.0414338 

logjy'= 

5-2357835 

log  J^= 

7-3932179 

log  j^:;= 

5-7637586 

iogj|;,'= 

4.0092888 

logjIv= 

6.I381561 

log  Ji.V= 

4.5087087 

logjI'.'= 

2.7822875 

iogjr;= 

4.8959184 

iogJi;,'= 

3.2664790 

iogjr,'= 

I.5578013 

The  expressions  for  the  three  multipliers  off—^  are 


[9-395^972]— 2[8.i4i6i32]  cos  (jr  — 2[6.2879o]  cos  2g  — 2[4.7352]  0063^;  —  2[3.3i]  cos  4ir 


)2 
=  I  +[7'S^887l    — 2l8.67i27i9]cos5r'— 2[6.7404o]cos  2^;'— 2[5.iio5]  cos3()f'— 2[3,6i]coS4^' 

~Bm{f  +  IT)=  +  [SMS7033] 

—  2[9.5728624]  sin  g'  —  2[9.5T9832o]  cos  g* 

—  2[7.94302  ]  sin  2g'  —  2f 7.88991  ]  cos  2g' 
^  2[6.4893     ]  sin  ^g'  —  2  [6.4361     ]  cos  3^' 

—  2[5,io92     ]  sin  4^'  —  2[5.056i     ]  cos  49^ 
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The  multiplication  being  performed,  we  obtain 
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r«/a'\3 
a'' I  A/ 

COS. 

Bin. 

COS. 

sin. 

sin. 

COS. 

I. 8891 I 19 

—   _ 

— 0.  111487 

— 0. 0804060 

 0.  04.77107 

— 0. 1 366148 

— 0.  0711112 

-1-1. 017767 

-f  0. 768901 

—0.  OOOJ.'?l7 

-l-O.  00'?22'?  1 

— 0.  0007182 

-l-O.  0012711 

— 0.  oil  111 

-4-0. 0467 1 1 

-f  0. 0000439 

-f  0.0000103 

—0, 0000254 

— 0. 0000086 

— 0. 001320 

-f  0. 000486 

-fo.  0000007 

-f  0.0000014 

— 0. 0000013 

-fo. 0000031 

— 0.000072 

-f  0. 000020 

-[-0. 000001 1 

-f  0. 0000003 

— 0. 000005  ^ 

— 0.  0000006 

-f  0, 000090 

4-0. 00004 1 

-|-o.  0001293 

— 0. 0002043 

-f  0. 0001 1 63 

— 0.  OOOI44.8 

4-0.  00 1440 

-f 0. 002106 

— 0. 00901 14 

— 0.  0018278 

— 0. 0124069 

— 0. 0030223 

— 0. 046000 

-fo.  1268 1 6 

-l-O.  lOQIQIO 

-1-0.  m04I0 

-4-0,  2080114 

— I. 4101 11 

 I.  266090 

-l-O.  126621'? 

— 0,  6315286 

-l-O.  <;i'?4.6o7 

— 2. II 11018 

4-0.  228104. 

— 0. 020260 

— 0. 0261287 

-fo.  0314724 

— 0. 0094558 

-fo.  0151373 

— 0. 321366 

-f  0.  702110 

-fo.  0006687 

4-0.0007652 

-f 0.0013203 

— 0. 0002655 

— 0. 028698 

-fo.  01 1 342 

0. 0000080 

-f 0.0000169 

-f  0. 0000282 

— 0,  0000016 

—0.001269 

+0. 000370 

-f-O.  0000012 

-fo.  0000008 

-f  0. 0000038 

-fo.  0000003 

— 0. 000071 

-f  0.000015 

-f-0. 0000152 

— 0. 0000042 

-f  0. 0000087 

-f  0. 0000038 

-4-0. 0002 17 

-f  0. 000040 

— 0.  0005 1 10 

— 0.  0006641 

— 0. 0005263 

— 0. 0008426 

-f  0. 002698 

-f  0. 011672 

— 0.  oo'?o68'? 

-4-0.  OIt;7428 

— 0. 0102913 

-l-O.  0118817 

— 0.  216106 

— 0.  027Q01 

-l-O.  1 1 IQ2QA 

— 0.  o67d8d.6 

•4-0,  '14.18816 

—0. 1810817 

-4-0. 612010 

—  I.  122850 

— 0.  it;j;n;86 

— 0.  14.07010 

—  I.  401144.0 

— 0. 604.2711 

-l-O.  048241 

-f 0.  148410 

-|-o.  0080904 

-l-O.  00077  70 

— 0.  02 1 988 1 

— 0. 0284117 

— 0. 426008 

—0.  094198 

-fo.  0004023 

-f  0. 0000461 

— 0, 0010063 

— 0. 0020105 

—0.022147 

— 0. 011159 

+0. 0000207 

-f 0. 0000074 

—0.  0000344 

—0.0001014 

— 0. 001295 

— 0. 000732 

-f  0. 000001 1 

— 0.  OOOOOOI 

— 0. 0000012 

— 0. 0000069 

— 0. 000070 

— 0. 000050 

-fo.  0000043 

— 0. 0000703 

-f  0. 0000192 

— 0. 0000694 

-f  0.  0006S I 

-f  0. 000638 

— 0. 0013876 

-f  0. OOIOI90 

— 0. 0027123 

-l-O.  0014801 

— 0.  024306 

-l-O.  01 17l6 

-f  0. 0188174 

-f  0.  0044666 

-f  0. 0467168 

-l-O.  0147128 

— 0. 022958 

— 263625 

— 0, 0962803 

—0. 1267809 

—0  1171600 

-4-0.  74.1227 

-f  0,  248427 

— 0.  I2'37a78 

-f  0. 1788859 

— 0.  4o6Sj.io 

-l-O.  7007472 

—0.  oSiio<£ 

-4-0. 01182S 

-4-0.  O007O7  < 

— 0. 0003612 

 0,  0404963 

-f  0,  0209869 

-f  0. 000692 

—0. 2iS2':i 

-f  0.  0000494 

— 0. 0001 165 

— 0. 0027506 

-f 0, 0007696 

-f  0. 000382 

—0.  01941 1 

-f  0.  0000082 

—0. 0000105 

—0.0001665 

+0.0000188 

-f  0.  000026 

—0. 00141 1 

-f  0.0000004 

—0.0000004 

—0. 0000105 

-f  0. 0000003 

— 0, 000035 

— 0. 000094 

—0.000169 

— 0. 000015 

— 0. 000259 

— 0.  000068 

—0.001 11 

+0. 00242 

-f  0.001362 

+0. 002020 

-f  0. 002605 

-fo.  004741 

— 0. 02422 

— 0. 02818 

-f  0. 006227 

-0.017775 

-f-O.  019827 

—0. 049370 

-f  0.  20580 

—0. 06062 

—0.  072682 

-(-0.017790 

—0. 248903 

+0.055945 

—0. 05166 

+0. 44501 

-fo.  081079 

-f  0. 086388 

+0.313519 

+0.  344733 

—0. 04247 

—0.04139 

-f  0.  000878 

-f 0, 002868 

-f  0. 010548 

-f  0. 037089 

-f  0. 12416 

— 0. 02714 

— 0.  000024 

-f 0. 000084 

-f  0. 000108 

-j-o.  002812 

-f-0.01316 

—0, 00427 

— 0.  000005 

— 0. 000002 

—0. 000029 

-f  0.000189 

-fo.ooiu 

— 0. 00043 

0.000000 

-fo.  000001 

— 0. 000003 

-f  0.000012 

—0.  OOOOI I 

— 0.  000012 

—0.00001 1 

— 0.000019 

-f  0.00006 

+0. 00023 

—  0,000032 

-f  0. 000275 

— 0. 000131 

-fo.  000531 

—0. 00425 

— 0. 00098 

o 
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o —  4 

+  3 

+  2 
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o 
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—  3 

—  4 

—  5 

2-f  2 

2+  I 

2  O 
2—  1 
2 —  2 

2-  3 
2—  4 

2-  5 

2—  6 

3+  I 

3  o 

3-  I 
3-  2 
3-  3 
3-  4 
3-  5 
3-  6 

3-  7 
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i'  i 
5-  2 

5-  3 

5-  4 

5-  5 

5-  6 

5-  7 

5-8 

5-  9 

6-  I 
6—  2 
6-  3 
6-4 
6-5 
6—  6 
6-  7 
6-  8 
6 —  9 
6—10 

—  2 

-  3 

—  4 

-  5 

—  6 

-  7 

-  8 

—  9 

10 

8-3 
8—  4 

8-5 
8-  6 

8-  7 
8-  8 

8-9 
8—10 

8-  1 1 

9-  4 
9-  5 
9 —  6 

9-  7 
9-8 

9—  9 
9—10 
9 — II 


COS. 

'sin. 

COS, 

sin. 

sin. 

COS. 

-fo.  002417 

—0.001337 

+0. 006281 

— 0. 002987 

+0. 02316 

—0. 02952 

— 0.014195 

— 0. 007353 

— 0. 042230 

— 0. 023552 

+0.07245 

+0.13588 

+0. 002807 

+0. 049502 

+0. 007053 

+0. 173647 

—0.  24722 

+0.02343 

+0. 0541 13 

— 0. 032132 

+0.  214434 

—0. 121571 

+0.01754 

— 0. 02996 

+0. 003417 

— 0. 000297 

+0. 027792 

—0.001897 

+0.02818 

+0. 06037 

+0.000159 

+0. 000035 

+0. 002339 

+0. 000464 

+0. 00518 

+0. 00758 

+0. 000005 

+0.000004 

+0.000169 

+0. 000070 

+0, 00058 

+0. 00069 

-j-o.  000001 

0.000000 

+0. 00001 1 

+0. 000008 

— 0. 000022 

+  0, 000019 

— 0. 000046 

+0. 000026 

-1-0. 000347 

+0. 000076 

+0. 000777 

+0. 000234 

+0. 00021 

— 0. 00527 

— 0.001006 

—0. 002505 

— 0. 002445 

— 0. 006961 

+0. 02895 

+0.01458 

—0. 007380 

+0. 009900 

— 0. 024104 

+0. 030798 

—0. 07873 

+0, 06582 

+0.030913 

+0, 004270 

+0.  IIOII3 

+0.016926 

—0. 04083 

—0. 12855 

— 0.010056 

— 0. 031208 

— 0. 036180 

—0. 122658 

+0.01903 

+0. 00561 

+0.000352 

—0. 002743 

+0. 002685 

— 0. 018252 

— 0. 02716 

+0. 02115 

+0. 000072 

—0. 000160 

+0. 000762 

— 0.001663 

—0. 00375 

+0. 00438 

+0, 000006 

— 0. 000008 

+0. 000095 

—0.000124 

—0. 00036 

+0, 00055 

0.000000 

0. 000000 

+0. 000007 

— 0. 000009 

+0. 000026 

+0. 000033 

+0. 000045 

+0. 000075 

— 0. 00038 

— 0.  ooo";^ 

+0.000127 

—0. 000372 

+0. 000367 

— 0. 000912 

+0. 00526 

—0. 00083 

— 0. 002302 

+0. 000550 

— 0. 006725 

+0.001373 

— 0, 00662 

+0.02437 

+0. 006095 

+0. 006498 

+0.019527 

+0. 021650 

—0.051 15 

—0.04013 

+0. 006281 

— 0. 017832 

+0. 023722 

— 0. 064120 

+0. 06252 

— 0. 03610 

—0.016757 

+0.001356 

—0. 065207 

+0. 003304 

—0. 00047 

+0. 01 1 13 

— 0. 001823 

—0. 000654 

— 0. 010789 

— 0.004120 

— 0,01367 

— 0. 01 106 

— 0, 000122 

—0. 000090 

—0.001033 

—0. 000803 

— 0. 00312 

-  -0.00153 

— 0. 000007 

—0. 000008 

—0.000076 

—0. 000097 

— 0. 00042 

— 0.0001 1 

— 0.  000001 

— 0.000001 

—0.000005 

— 0. 000009 

+0. 000045 

—0. 000026 

+0. 000109 

— 0. 000053 

+0. 00052 

—0. 00053 

—0. 000346 

— 0. 000170 

— 0. 000901 

—0. 000495 

+0.00165 

+0,00445 

+0.000135 

+O.OOI9I3 

+0. 000258 

+0. 005802 

—0. 01833 

— 0.001  II 

+0. 005149 

— 0. 003280 

+0.017454 

— 0. 010686 

+0.01743 

— 0. 03572 

—  0. 009504 

—0. 005776 

—0. 034330 

— 0. 021658 

+0. 02586 

+0. 02813 

—0. 001335 

+0. 008396 

— 0. 006328 

+0. 032264 

—0. 00605 

+0.  OOI2I 

—0. 000672 

+0. 001058 

—0. 003852 

+0. 005780 

+0. 00385 

— 0. 00800 

— 0.000091 

+0. 000076 

— 0. 000693 

+0. 000559 

+0. 00044 

— 0. 00201 

— 0. 000006 

+0. 000005 

— 0. 000077 

+0. 000037 

—0.  00002 

— 0, 00030 

— 0. 000022 

— 0, 000051 

— 0. 000050 

— 0. 000131 

— 0.000198 

+0. 000283 

—0. 000588 

+0. 000779 

+0. 001454 

+0.000I5I 

+0.004537 

+0. 000576 

— 0, 001462 

—0. 003741 

—0. 004785 

—0.012855 

—0. 004397 

+0. 004636 

— 0.01646 1 

+0.016739 

+0. 003905 

+0,001672 

+0.01475 1 

+0.007078 

+0. 000542 

+0. 000541 

+0. 002775 

+0. 002913 

+0. 000034 

+0. 000092 

+0. 000256 

+0. 000623 
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„r» /a'\3 

Bin  (/4-iIO 

COS. 

sin. 

COS. 

siu. 

sin. 

COS. 

i'  i 
10 —  < 

— 0. 000053 

4-0.000015 

— 0.000142 

40. 000034 

10-  6 

-|-o.  000206 

4-0. 000204 

-l-o.  000587 

40.000613 

10—  7 

4-0.000301 

—0.  001017 

4-0.001026 

—0. 003244 

10—  8 

— 0. 002518 

4-0. 000440 

— 0. 008752 

4-0. 001387 

10—  9 

-|-o.  002010 

40. 002970 

-\-o.  007196 

4-0. 01 1 1 23 

10—10 

 0. 001588 

4-0.  oo';4'78 

— 0.  oo?8'?o 

10— II 

4-0.  000260 

—0. 000434 

4-0.001292 

— 0. 002040 

11—  6 

4-0.000006 

4-0. 000049 

4-0.000012 

4-0.000138 

It—  7 

4-0.000187 

— 0.000132 

4-0.  000582 

— 0. 000390 

II-  8 

—0.  000662 

—0.000343 

— 0. 002158 

— 0.001 185 

II—  9 

4-0. 000005 

40.001620 

—  0.000158 

40.005730 

II  — 10 

4-0.001501 

— 0. 000951 

+0. 005886 

— 0. 003284 

11— II 

4-0.000339 

— 0.  000256 

4-0. 001646 

— O.OOII32 

In  deriving  the  portion  of  the  perturbative  function,  which  arises  from  the  action 
of  Uranus  on  the  Sun,  we  have 


log  h  =  9.0095743     log  h  =  9.0071829     log  I  =  9.6864004      log  li  =  9.6866271 
And  the  expression  of  this  portion  is 


—a' 

COS. 

sin. 

COS. 

sin. 

i'  i 

i'  i 

1  +  3 

— 0.00000022 

— 0.00000003 

2  —  3 

— 0. 00001124 

4-0.00005354 

14-2 

— 0. 00000557 

4-0.00000017 

2  —  4 

— 0. 00000056 

4-0. 00000267 

i  +  i 

—0. 00021225 

40. 00006955 

3  +  1 

— 0.00000147 

4-0. 00000105 

I  0 

4.0. 00858887 

-^.04085337 

3  0 

4-0. 00006376 

—0. 00030330 

—0.  IOI8II8I 

4-0. 48521410 

3—1 

—0.00075575 

4-0. 00360178 

I  —  2 

— 0.00285138 

4-0.01358911 

3  —  2 

— 0.000021 16 

4-0.00010087 

1  —3 

— 0.00011978 

4-0.00057087 

3  —  3 

— 0. 00000090 

+0. 00000424 

1  —4 

— 0. 00000596 

40. 00002843 

— 0. 00000032 

-f-o.  00000155 

4  0 

40. 0000047 

—0. 0000225 

4—1 

— 0. 0000560 

4-0. 0002669 

24-2 

— 0. 00000050 

4-0.00000013 

4  —  2 

—0.0000016 

4-0. 0000075 

241 

—0. 00001903 

4-0. 00001070 

5  0 

4-0. 0000003 

— 0.0000016 

2  0 

40. 00080552 

— 0. 00383222 

5-1 

— 0. 0000040 

4.0. 00001 91 

2 —  I 

—0. 00954950 

40. 04551090 

— 0. 0000001 

4-0.0000005 

2  —  2 

—0. 00026745 

40.00127460 

128        ^  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 

For  the  component  of  this  action  perpendicular  to  the  plane  of  Saturn's  orbit,  we 
have 

)2 
sin  (/'  +  W)  =  +  0,747984  sin  g*  +  0.662006  cos  g' 

+  0.0701 64  sin  2g'  +  0.062088  cos  zg' 
+  0.005553  sin  3^'+  0.004913  cos  3^' 
+  0.00041  sin  4^'  +  0.00036  cos  ^g' 
+  0.00003  sin  5^'  +  0.00003  cos  55f' 


For  the  factors  proportional  to  the  mass  of  Uranus  (in  seconds  of  arc),  we  have 

log  /^  =  0.6884739  (M^  sin  J)  =  8.9183882 

The  expressions  for  the  forces  are 


da 

dfl 

d — 

dg 

dr 

dZ 

si  a. 

COS. 

COS. 

Bin. 

sin. 

COB. 

<'  i 

// 

// 

// 

// 

0  0 

+0.837381 

— 0.  01 1062 

Q    I 

—0.04346924 

+0.01459765 

— O' 1154317 

— 0. 0556672 

+0.0859979 

+0.0637175 

0 —  2 

— 0. 0006524 

+0. 0004770 

—0.  ooo>!  t>!o 

+0. 0002367 

—0. 002582 

+0. 003874 

0—3 

— 0. 0001048 

+0. 0000682 

— 0  0001 C 1 1 

•  0. 0000347 

—0. 000109 

+0. 000040 

0  —  4 

— 0. 0000066 

+0.0000017 

— 0. 000006 

+0. 000002 

1  J-  ■a 

— 0. 000015 

— 0. 000002 

I  -U  2 
I  -|-  z 

— 0. 000057 

+0.  000127 

— pU.  K^-AJl 

I  -4-  I 

-fo.  002891 

—0, 000522 

— 0. 008391 

— 0. 002145 

— 0. 003812 

+0.010509 

I  0 

+0. 1 1 6430 

+0.  I41898 

— 0. 055619 

—0. 050060 

I  —  I 

-1-0.049116 

+0.  265961 

+0.174087 

— 0. 902032 

+0. 018910 

— 0.  001679 

I  —  2 

+0.027754 

—0. 034252 

+0.012873 

+0.051059 

— 0.  026631 

+0.  058201 

t  -3 

-fo.  001699 

— 0.001896 

+0.000435 

+0.001349 

— 0.002378 

+0. 000940 

1-4 

-fo.  000089 

— 0. 000171 

— 0. 000006 

+0. 000142 

— 0.  000105 

-f'0. 000031 

1-5 

+0,  000007 

— 0.000012 

+0. 000003 

+0. 000008 

— 0. 000006 

+0.000001 

2  +  2 

-f  0.  000007 

+0.  OOOOIO 

— 0.000018 

+0.000018 

+0.000019 

+0. 000003 

2  +  1 

+0. 000081 

— 0.  000060 

— 0.000136 

—0. 000327 

+0. 000214 

+0. 000967 

2  0 

—0.014454 

+0.010570 

— 0. 015416 

+0. 002833 

2 —  I 

+0.1 707 15 

— 0.  031489 

+0.41565 1 

+0. 028267 

+0.  054106 

— 0. 093048 

2  —  2 

—  I.  846145 

+0. 797709 

— 2. 098802 

— 0. 900524 

+0. 003997 

+0.012298 

2  —  3 

—0.  1 05  04 1 

+0.  100028 

—0.055976 

—0. 076187 

^•035303 

—0. 007805 

2  —  4 

— 0. 006790 

+0.  007690 

—0.  002593 

— 0. 004031 

—0.001835 

—0. 000925 

2-5 

—0.  000430 

+0.000549 

— 0.000091 

— 0. 000210 

— 0.000107 

— 0. 000061 

2  —  6 

— 0, 000026 

+0. 000042 

— 0. 000003 

—0. 000013 

— 0. 000006 

— 0. 000004 

3+1 

— 0. 000002 

+0.000004 

+0.  000024 

+0.000008 

+0.  000056 

+0. 000053 

3  0 

— 0. 002554 

—0. 000853 

— 0.001554 

+0.001547 

3—1 

-{-0.  0226000 

— O.OI6I382 

+0. 051250 

+0.043351 

— 0. 001902 

— 0. 021846 

3  —  2 

—0.  188746 

+0.314473 

— 0. 16I09I 

— 0. 460147 

+0, 061590 

+0. 020587 

3  —  3 

— 0.  731254 

—1. 003177 

—0.788591 

+1-106335 

—0. 006928 

+0. 004294 

3  —  4 

—0. 105865 

— 0. 068466 

— 0. 087316 

+0.043537 

+0. 000057 

— 0. 019744 

3-5 

— 0. 009425 

— 0, 004214 

— 0. 005890 

+0.001 741 

+0. 000032 

— 0.001609 
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Arg=i  g'-f'tg 

a 

an 
dg 

da 

da 
dZ 

sin. 

COS. 

cos* 

sin. 

COS. 

i'  i 

// 

// 

// 

3 —  ° 

— u.  uuu74j 

—0. 000364 

+0. 000051 

0*  OVAAAA^ 

~~0.  0001 1  y 

3 —  7 

—0. 000024 

'^O.OSOOOO 

0. 000000 

~-o.  000000 

4  0 

— 0.000156 

— 0. 000244 

— 0.  000058 

+0.  000230 

4—  I 

-|-o.  001526 

 0.  002587- 

+0.001860 

+0. 007302 

— 0. 002007 

—0,  002335 

4—  2 

-|-o.  0047 1 1 

+  0.  046370 

+0. 031996 

—0. 065453 

+0.017054 

— 0. 005023 

4 —  3 

— 0.  302450 

U.  lO'JyOj 

—0. 379621 

+0-075313 

 0.  004201 

-f-O.  030577 

4 —  4 

-f-o.  400332 

0.  i330'63 

+0. 508930 

+0.563813 

— u.  0035*0 

— 0,  003430 

4  5 

-|-0.  0310/ 2 

 n  087^1  J  ft 

+0. 020431 

+0. 074765 

-po.  01 0290 

 0,  002249 

A   6 

— f-<j.  315 

 0  nn8fio8 

+0. 000210 

+0. 005930 

-f-o.  001091 

— 0. 000354 

4  7 

-l-D  OfWlT  1 

—0. 000059 

+0.000410 

-|-o.  00009 ' 

 0.  000035 

4 —  0 

— 0. 000005 

+0. 000025 

5  0 

0. 000000 

— 0. 000025 

5-  I 

-|-o.  000026 

—0. 000261 

— 0. 000283 

+0. 000634 

— 0.00035 

— 0. 00008 

5-  2 

+0. 003443 

+0. 003659 

+0. 008564 

— 0. 003109 

+0. 00192 

— 0. 00245 

5—  3 

—0. 050438 

-fo.  014809 

— 0. 060007 

—0. 037059 

+0. 00600 

+0.01126 

J —  4 

-j-o.  03134 

o- 23555 

+0. 00644 

+0. 27347 

— 0. 02049 

+0.  00194 

c   c 

-(-o.  18205 

+0. 35710 

— 0.  20005 

-j-o.  00145 

— 0.  00248 

6 

_Lo  06216 

1  n  on7AD 
-y-o.  OU/UO 

+0. 05430 

— 0. 00327 

-|-o.  00233 

-f-O.  00500 

J  1 

-l-D  0067  "J 

-pu.  »j*jvf/3 

+0. 00484 

+0. 00100 

+0. 00043 

+0.  00063 

t;—  8 

— ~o,  000 1 0 

+0. 00036 

+0.00015 

-^0.  OOOO5 

+0. 00006 

_i_n  fWWJ 

—0.  OUOOJ 

+0.00001 

+0. 00002 

6—  2 

-f  0.  000482 

+0.  000073 

+0. 00093 

+0. 00037 

+0. 00002 

— 0.00044 

6—  3 

— 0. 004182 

+0.  005540 

—0. 00282 

— 0. 00995 

+0. 00240 

+0.001 2 1 

6 —  4. 

 0. 022183 

— ^j,  »j4"*j4"y 

—0. 03804 

+0.04570 

— 0. 00652 

-f-O.  00545 

6—  q 

'  o.  01291 

+0.17724 

+0. 02959 

— 0. 00338 

 0.  01005 

6—  6 

 Q  OCICO 

— po.  19050 

—0. 05945 

— 0. 20661 

-f-O.  OOI50 

*^o.  00040 

6—  7 

J_n  00418 

-|-o.  03953 

+0. 00539 

—0. 03502 

— 0. 00225 

-|-o.  00175 

6—  8 

A-O  00168 

-j-o.  0045" 

+0.00158 

—0. 00338 

— 0. 00031 

+0.  00036 

6—  g 

_|_o.  00025 

+0. 00020 

— 0. 00026 

— 0. 00003 

-J-O.  00005 

7 —  2 

H-o.  000039 

—0. 000022 

+0. 00003 

+0. 00010 

— 0. 00003 

— 0.00004 

7—  3 

+0. 000003 

+0, 000801 

+0. 00059 

—0.001 19 

+0.00044 

— 0. 00007 

7—  4 

— 0. 006723 

—0. 003340 

—0. 00995 

+0.00159 

— 0. 00055 

+0. 00202 

_|-0  02q8'2 

— 0. 02435 

+0. 02979 

+0. 03454 

— 0. 00424 

— 0. 00333 

7—  6 

-[-o.  021^1^9 

-r°'  09794 

+0. 04006 

—0. 10480 

+0.  00518 

— 0. 00299 

7   7 

— 0. 001 14 

— 0. 1 1062 

+0. 00467 

— 0. 00004 

+0.  00092 

7—  8 

 0  0228c 

-{-o.  00799 

— 0. 02045 

—0. 00796 

— 0. 001 13 

 0.  00092 

7—  Q 

 0.  00274 

-pO.  OU105 

—0.  OU2U/ 

^— 0.  00163 

— 0.  00026 

 0.  00013 

7 — 10 

-^0  onn^fi 

-j-O.  OU020 

— 0. 00016 

— 0. 00020 

8-3 

+0. 000051 

+0.  000067 

+0.00015 

— 0. 00005 

+0. 00004 

 0.00004 

8-4 

—0. 000995 

+0.000178 

—0.00123 

— 0. 00077 

+0.00014 

+  0.  00037 

8-5 

+0.00185 

—0.  00674 

+0.00012 

+0. 00881 

—0.00152 

 0.00009 

8—  6 

+0. 02214 

+0.01786 

+0. 02819 

— 0.01659 

+0. 00144 

— 0. 00296 

8-  7 

— 0. 05427 

+0. 03092 

—0. 05670 

— 0. 03655 

+0. 00214 

+0. 00233 

8-  8 

— 0. 01300 

—0. 05276 

—0. 01 137 

+0. 05494 

— 0. 00050 

+0. 00010 

8-9 

— 0. 00764 

— 0.01203 

—0. 00734 

+0. 01086 

+0. 00032 

— 0. 00066 
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da 

^,da 

do 

dr 

dZ 

Avg=i^g*+ig 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

t'  i 

// 

// 

// 

// 

// 

// 

8— lo 

— o.  00160 

— 0.  ooi4t; 

—0.  00139 

+0. 001 10 

+0. 00004 

— 0. 00017 

S— II 

— 0. 00021 

— 0. 00012 

— 0.  00016 

+0. 00007 

9 —  4 

— 0. 00008 

+0. 00009 

— 0.  00006 

— 0.00018 

9-  5 

— 0. 00038 

— 0. 00100 

— 0.  00091 

+0.001 1 1 

9-  6 

-f  0. 00587 

+0. 00040 

+0.  00703 

+0. 00107 

9—  7 

— 0. 00892 

+0. 01769 

—0. 00747 

— 0. 02098 

9-  8 

—\Jt  Lf^y  I  / 

 U.  \Jj£/00 

9—  9 

— 0.  01*^10 

-1-0.  02i!l^ 

-1-0. 01246 

9 — lo 

+0.00568 

—0. 00585 

+0.00516 

+0. 00549 

9-1 1 

-fo.  00070 

— 0. 00136 

+0. 0005 1 

+0. 00123 

lo-'S 

— 0. 00012 

— 0.00008 

— 0. 00020 

+0.00004 

lo-  6 

+0. 00085 

— 0. 00053 

+0.  00086 

+0. 00095 

lo—  7 

+0. 00064 

+0. 00456 

+0. 00172 

— 0. 0051 1 

lo-  8  . 

— 0.01275 

—0. 00330 

— 0. 01442 

+0. 00210 

lo —  9 

+0.  oil  94 

— 0. 01748 

+0.01 199 

+0.01893 

lO— lO 

+0. 00995 

+0. 00938 

+0.  00962 

— 0. 00988 

10— II 

-|-o.  00265 

+0. 00365 

-|-o.  00240 

—0. 00375 

1  r  A 
1 1   0 

+0. 00006 

— 0.00014 

+0.00001 

+0. 00020 

II—  7 

-|-o,  00060 

+0. 00064 

+0.  00092 

— 0. 00059 

II—  8 

— 0. 00321 

+0. 001 16 

—0.  00345 

— 0. 00198 

II—  9 

+0.00051 

— 0. 00859 

— 0.  00042 

+0. 00096 

II  — 10 

+0.00939 

+0. 00548 

+0.  01023 

— 0. 00542 

II — II 

+0. 00290 

+0.  00202 

+0. 00306 

— 0. 00204 

The  expressions  for  the  multipliers  to  be  used  in  obtaining  T  and  -  from  the 
preceding  quantities  have  been  given  (p.  74).    There  is  then  obtained 


Arg=Hy+i'g'+ig 

T 

Arg=x;'+i'^'+t^ 

T 

sin. 

COS. 

sin. 

COS. 

K     i'  % 

// 

II 

H       t'  i 

// 

// 

I  0 —  I 

—1. 66360 

— 0. 00164 

—  I       1+  4 

+0.00001 

0.00000 

— 100 

—0. 1556525 

+0. 0850031 

0  1+3 

— 0. 00003 

— 0.00001 

0  0 —  I 

+0. 1304077 

—0.0437929 

I     1+  2 

+0. 00002 

0.00000 

I  0 —  2 

— 0.01818 

— 0. 02650 

-I     1+  3 

+0. 00005 

— 0. 00003 

— I     0—  I 

+0.  OOIOI 

+0. 00023 

0     1+  2 

—0.00019 

— 0. 00024 

c  0 —  2 

+0. 00196 

— 0. 00143 

I     1+  I 

+0. 00001 

+0. 00030 

I     0—  3 

— 0. 00070 

+0.00004 

-I     1+  2 

+0. 00090 

— 0.00162 

— I  0 —  2 

— 0. 00028 

+0. 00009 

0     1+  I 

— 0. 00867 

+0.00157 

0  0—3 

+0. 00031 

— 0. 00020 

I     I  0 

+0.01092 

+0. 00079 

I  0 —  4 

— 0.00005 

+0. 00007 

-I     1+  I 

+0.  12225 

— 0. 10932 

—I  0—3 

0. 00000 

— 0.00001 

I     I —  I 

— 0.  12808 

+0.07935 

0  0 —  4 

+0. 00002 

^0. 00001 

— I     I  0 

+0.  27716 

+1.42983 

I     0-.  5 

0.00000 

0.00000 

0     I —  I 

—a  14735 

—0. 797SS 
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1 


Arg=Ky-f-i'^'-j-tflf 

T 

Arg= 

T 

sin. 

COS. 

sin. 

cos* 

X     i'  % 

// 

// 

X 

i'  i 

// 

// 

I        I —  2 

—0. 08349 

— 0. 36046 

—I 

3—  I 

-0.  58397 

+1.03259 

—  I        I —  I 

+0. 06653 

—0. 13I84 

0 

3-  2  

 +0.  56624 

-0. 94342 

O  1—2 

—0. 08326 

+0. 10276 

I 

3—  3 

— 0. 09272 

+0. 34179 

I     I-  3 

+0. 03881 

—0. 03483 

—I 

3-  2 

— 2.  23812 

— 3. I5I97 

—  I       1 —  2 

+0. 00030 

— 0. 00178 

3-  3 

+2. 19376 

+3-00953 

o  1-3 

— 0. 00510 

+0. 00569 

I 

3—  4 

—0.  65846 

— 0, 89466 

I     I—  4 

+0. 00319 

— 0. 00280 

-I 

3—  3 

—0.  21942 

— 0. 071 15 

-I     I—  3 

— 0.00006 

— 0. 00025 

3—  4 

+0-31759 

+0.  20540 

o  1—4 

— 0. 00027 

+0. 00051 

3-  5 

—0. 12147 

— 0.09031 

I     I-  5 

+0. 00023 

— 0. 00022 

— I 

3—  4 

—0.01239 

—0.00180 

—I     I-  4 

0.00000 

—0. 00001 

3-  5 

+0. 02827 

+0.01264 

o  s 

— 0. 00002 

+0.00004 

3—  6 

— 0.  01303 

— 0. 00688 

I        I —  0 

+0.00001 

— 0.00001 

—I 

3—  5 

— 0. 00070 

0.00000 

0  2+2 

— 0. 00002 

— 0. 00003 

3—  6 

+0. 00223 

+0. 00074 

I       2+  I 

+0. 00002 

+0.00004 

3—  7 

— 0. 00116 

— 0.00048 

—  I       2+  2 

+0.00006 

— 0. 00007 

—I 

3-  6 

— 0. 00005 

0.00000 

O      2+  I 

— 0. 00024 

+0. 00018 

3—  7 

+0.00017 

+0.00004 

I       2  0 

+0. 0007 1 

— 0.00015 

3—  8 

—0.  0001 1 

— 0.00004' 

-I       2+  I 

— 0.00196 

— 0.01055 

—I 

4+  I 

— 0.00006 

+0.00009 

I       2 —  I 

— 0, 021 17 

+0.01579 

I 

4—  I 

— 0.00010 

+0.00033 

—  I       2  O 

+0. 64706 

— 0. 04388 

—I 

4  0 

+0. 00530 

— 0. 00956 

O       2—  I 

—0,51214 

+0. 12447 

4—  I 

— 0.  00458 

+0. 00776 

I       2—  2 

•    +0. 24430 

—0. 17179 

I 

4—  2 

— 0. 00036 

— 0. 00623 

—  I       2 —  I 

—5.  81704 

+2.  50846 

—I 

4—  I 

+0. 02317 

+0. 15242 

O       2—  2 

+5.  53843 

—2.  39313 

4—  2 

— 0.01413 

—0. 139II 

I       2-  3 

-1-58553 

+0.  67972 

I 

4—  3 

+0. 03051 

+0. 04457 

—  I       2—  2 

—0. 06648 

+0.  1 903 1 

-I 

4—  2 

—0.  95843 

—0. 32489 

O  2-3 

+0.31512 

— 0.  30008 

4-  3 

+0. 90735 

+0. 32029 

I       2—  4 

— 0. 1 466 1 

+0.  12000 

I 

4—  4 

— 0. 30618 

— 0. 04826 

-I       2—  3 

—0. 00303 

+0.  00756 

—I 

4—  3 

+  1. 47714 

—1. 62413 

O  2-4 

+0. 02037 

— 0.  02307 

4—  4 

—1.39900 

+1.59907 

I      2-  5 

— 0. 01 131 

+O.OII51 

4-  5 

+0.  42152 

—0. 48958 

-I  2—4 

— 0. 00007 

+0. 00034 

— I 

4—  4 

+0.03277 

—0. 19I39 

O      2-  5 

+0.00129 

—0.00165 

4-  5 

— 0. 09502 

+0. 26225 

I       2—  6 

— 0. 00083 

+0. 00095 

4-  6 

+0.04180 

—0.09795 

-I       2-  S 

+0.00001 

+0. 00002 

— I 

4-  5 

— 0. 00105 

— 0.01322 

O       2—  6 

+0. 00008 

— 0.00013 

4-  6 

—0. 00394 

+0. 02609 

I  2—7 

— 0. 00007 

+0.00009 

4—  7 

+0. 00252 

— 0. 01 148 

-I      3+  2 

+0.00001 

0.00000 

4—  6 

-  0,00020 

— 0.00085 

o     3+  I 

+0.00001 

— 0.00001 

4—  7 

—0.  00004 

+0. 00222 

I     3  o 

+0.00005 

0.00000 

4-  8 

+0.  00010 

— 0.001 1 1 

-I     3-h  I 

— 0.00090 

—0.00012 

4—  7 

—0.00001 

— 0. 00005 

I     3—  I 

— 0. 00205 

+0. 00264 

4-8 

+0.00001 

+0.00018 

—130 

+0. 085207 

— 0."  056091 

4—  9 

— 0. 00001 

— 0. 0001 1 

0     3—  I 

--0.  o67$ooo 

+0. 0484146 

5  0 

0.00000 

— 0, 00095 

I     3—  2 

+0. 025043 

— 0. 046023 

0 

5-  I 

— 0.  00008 

+0. 00078 
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T 

T 

sin. 

COS. 

sin. 

COS. 

H      V  X 

I      5 —  2 

— 0. 00039 

// 

— 0. 00048 

H     i'  i 
—I     6—  8 

// 

+0. 00050 

// 

+0. 00056 

+0.01244 

+O.OII43 

0  6—0 

w        w  y 

— 0. 00075 

— 0.00126 

0      5 —  2 

—0, 01033 

— 0.01098 

I  6—10 

+0. 0002S 

+0. 00061 

I     5—  3 
—  I      5 —  2 

0  5—3 

1  5—  4 
—1     5—  3 

+0. 00710 
— 0. 15962 
+0.15131 
—0. 04565 
+0. 09432 

+0.  001 1 1 

+0.05245 
—0.04443 
+0.03336 
—0. 73665 

— I     7—  I 

0  7 —  2 

1  7—  3 
— I     7—  2 

+0.  OOOI  I 

— 0. 00012 
+0. 00003 
+0,00017 
— 0.00001 
+0.00064 
— 0. 02168 
+0. 02017 
—0. 00855 
+0. 09201 
— 0. 08949 
+0. 02467 
+0. 09072 
—0. 08997 
+0. 03800 
— 0. 32841 
+0.31950 

—0. 09905 
— 0. 05455 
4-0  068 <^ 

 0.  02477 

— 0. 00339 

^— 0.  00036 
— 0. 00037 

— 0. 00009 
+0. 00007 
— 0. 00008 
+0. 00261 
— 0. 00240 
+0.00092 
— 0. 00981 
+0.01002 
— 0. 00072 
—0. 07725 
+0.07305 
—0. 03093 
+0. 30347 

—0. 29382 
+0. 09182 
— 0. 01732 
+0. 00342 
+0. 00089 
+0. 02401 

—0.  02^07 

—V.  jy/ 

J-n  oo7fio 
J-n  00A/16 

0  5—4 

1  5-  5 
—I     5—  4 

0  5-  5 

1  5-  6 

-I     5-  5 

0  5—6 

1  5—  7 
—I     5—  6 

0  5-  7 

1  5—  8 
-I     5-  7 

0  5—8 

1  5—  9 
—I     5—  8 

0  5—9 

1  5 — lo 

 1        O   1 

0  V   2 

1  b—  3 

—  I       D —  2 

0  0—  3 

1  t> —  4 

— 0. 09402 
— 0. 00137 
+  1.04036 
—1.02384 
+0.31645 
+0. 14136 
—0. 18648 
+0.06861 
+0.01 116 
— 0. 02019 
+0. 00861 
+0. 00077 
— 0.00183 
+0. 00087 
+0. 00003 
— 0.00012 
+0.00009 

+0.001647 
—0, 001446 
+0. 000703 
— 0.012600 
+0.012546 
— 0.00139 

+0. 70755 
—0, 23034 
+0. 59076 
— 0. 54615 
+0. 164I7 
— 0.00148 
— 0. 02280 
+O.OII71 
— 0. 00340 
+0. 00213 
— 0. 00037 
— 0.00041 
+0. 00048 
— 0.00016 
— 0.00003 
+0. 00003 

— 0.  00001 

+0.000127 
— 0. 000219 
— 0. 000544 
+0. 018545 
— 0. 016620 
+0. 00838 

0  7—3 

1  7-  4 
—I     7—  3 

0  7—4 

1  7-  5 
—I     7—  4 

0  7-  5 

1  7—  6 

-I     7-  5 

0  7—6 

1  7-  7 
—I     7—  6 

0  7-  7 

1  7—  8 

7-  7 

0  7—8 

1  7—  9 
—I     7—  8 

0  7—9 

1  7—10 

—I     7-  9 

0  7—10 

1  7— II 

—I     0—  3 

— 0. 07267 

— 0. 13209 

 1      0 —  z 

+0. 00019 

+0.00018 

O        D   4 

+0.06655 

+0. 12735 

0       0—  3 

— 0.00015 

— 0.  00020 

T             ft  f 

I     t>—  5 

—0. 03388 

—0. 03674 

I  5 —  4 

+0. 00012 

+0.00004 

— I      0—  4 

+0. 49771 

— ^*  03938 

—I     0—  3 

— 0. 00313 

+0.  00071 

ft  r* 

o  0—5 

— 0. 481 17 

+0. 03873 

0     8-  4 

+0. 00298 

—0.00053 

Y            ft  ft 

I       D—  O 

+0. 15312 

— 0. 02983 

I      0 —  5 

— 0.  00102 

+0. 00079 

—I  o —  5 

— 0. 1 801 6 

+0. 60780 

— I      5 —  4 

+0.  00523 

— 0. 02131 

ft  ft 
O      0 —  o 

"po.  15477 

— 0. 59574 

0     5—  5 

 0  OOCC< 

—V.  w^^5 

+0.  02022 

I     6-  7 

— 0.  04500 

+0. 18481 

I     8-  6 

— 0. 00032 

—0. 007  68 

—I  6—6 

+0. 01944 

+0. 09241 

-I     8-  5 

+0. 06920 

+0. 05488 

o     6-  7 

—0.01254 

—0.  II 859 

0  8-6 

— 0. 06642 

-0. 05358 

I     6-  8 

+0. 00284 

+0. 04315 

I     8-  7 

+0. 02539 

+0.01386 

-I     6-  7 

+0. 00452 

+0.00797 

-I     8-  6 

—0. 16854 

+0. 09347 

o  6—8 

— 0, 00504 

— 0.01368 

0  8—7 

+0. 16281 

— 0. 09276 

I  6 —  9 

+0.00173 

+0, 00572 

I     8—  8 

-  0. 04995 

+0. 03431 
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T 

T 

sin. 

COS. 

Bin. 

COS. 

V      if  i 

—I  8—7 

0  8—8 

// 

— 0.03182 
-j-o.  03900 

// 

— 0. 16467 
+0. 15828 

K     i'  i 
1    10—  6 

// 

— 0.00017 

// 

— 0. 00002 
— 0.00174 

10--5  — 

—  +0.00262 

I     8—  9 

— 0.01331 

—0. 04886 

0  10 —  6 

— 0. 00255 

+0.00159 

—I  8—8 

— 0. 02124 

— 0. 02917 

I  10 —  7 

+0. 00071 

— 0. 00090 

08-9 

-fo.  02292 

+0. 03609 

—I  10 —  6 

+0. 00216 

+0.0I4II 

I  8—10 

— 0. 00771 

— 0. 01296 

0  10 —  7 

— 0.00192 

— 0.01368 

-I     8-  9 

—0. 00375 

— 0. 00262 

I    10—  8 

+0. 00174 

+0. 00455 

0  8—10 

+0. 00480 

+0.00435 

—  I  10 —  7 

—0. 03933 

— 0. 01022 

I  8-u 

— 0.00179 

— 0.00180 

0    10—  8 

•  +0.03825 

+0. 00990 

—I  8—10 

— 0.00041 

— 0.00015 

I  10 —  9 

— 0.01315 

— 0. 00153 

0     8— II 

4-0. 0006^ 

-l-o.  ooo'i6 

—1    10—  8 

+0.03785 

—0.05302 

1  8—12 

 0. 00027 

— 0.  00019 

0  10 —  9 

— 0. 03582 

+0.05244 

-I     9-  3 

0  9-4 

1  9-  S 
—1  9—4 

0  9-  s 

1  9-6 
-I     9-  s 

—0. 00025 
-f  0. 00024 
— 0, 00002 
— 0.00132 
-fo.00114 
— 0. 00087 
-fo.  01831 

+0. 00030 
— 0. 00027 
+0. 00017 
— 0. 00310 
+0. 00300 
— 0. 00093 
+0. 00087 

I  10 — 10 
— I  10 —  9 

0  10—10 

1  10 — II 
—  I  10—10 

0  10 — II 

1  10—12 

+0. 01027 
+0. 02836 
— 0. 02985 
+0. 00986 
+0. 00657 
—0. 00795 
+0. 00291 

— 0.01767 
+0. 03081 
— 0.02814 
+0. 00830 
+0. 01003 
— 0.01095 

+0.00354 

0  9-6 

— 0.01761 

— 0. 00120 

-I    II-  5 

+0. 00016 

— 0.00045 

I     9-  7 

+0. 00620 

— 0.  OOI2I 

0   II-  6 

— 0.00018 

+0. 00042 

.1  9-6 

— 0. 02740 

+0.05479 

I    II-  7 

+0.00002 

— 0. 00018 

0     9-  7 

+0. 02676 

—0. 05307 

—I    II-  6 

+0. 00192 

+0.00194 

I     9-  8 

— 0.00615 

+0. 01905 

0    II—  7 

— 0.00180 

— 0.00192 

-I     9-  7 

— 0. 07543 

—0. 08493 

I    II—  8 

+0. 00083 

+0. 00048 

0  9—8 

+0.07479 

+0. 0815 1 

—I    II—  7 

—0. 00993 

+0. 00373 

I     9-  9 

— 0. 02614 

— 0. 02442 

0   11-  8 

+0. 00963 

—0. 00348 

-I  9-8 

+0. 07621 

— 0. 03618 

1    II—  9 

— 0. 00305 

+0.00182 

0  9-9 

— 0.  07 1 01 

-I    II—  8 

+0. 00148 

—0. 02657 

I  9—10 

+0. 02196 

— 0. 01296 

0   II—  9 

—0.00153 

+0.02577 

—I     9—  9 

+0.01392 

— 0.01579 

I    II— 10 

— 0. 00016 

— 0.00857 

0  9 — 10 

— 0. 01704 

+0.01755 

—I    II—  9 

+0. 02915 

+0.01746 

I  9-11 

+0. 00608 

— 0.00601 

0   II— 10 

— 0. 02817 

— 0. 01644 

— I  9 — 10 

+0.00126 

— 0. 00329 

I    II— II 

+0. 00808 

+0. 00523 

0     9— II 

— 0. 00210 

+0. 00408 

— I    II— 10 

+0. 00785 

+0. 00548 

I  9—12 

+0.00090 

— 0. 00149 

0    II — II 

—0. 00870 

— 0. 00606 

—1  10 —  4 

— 0. 00041 

— 0. 00024 

I      II— 12 

+0. 00273 

+0. 00200 

0   lo—  5 

+0. 00036 

+0. 00024 
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Arff V -l-i'<7 ' -4- 1<7 

1 

n  dt 

1 

n  dt 

COS. 

sin. 

COS. 

sin. 

H     i'  % 

// 

// 

// 

// 

I  0 —  I 

-fo.  00481 

— 0. 01283 

—  I     3-  3 

+0. 00032 

+0. 01006 

—  I      o  o 

-fo.  0428953 

— 0. 0327927 

>     3-  5 

+0. 00003 

—0. 00972 

I  0 —  2 

— 0. 04299 

-fo.  03138 

—I     3—  4 

+0. 00002 

— 0*.  00003 

— I  0 —  I 

— 0. 00490 

-f  0. 00075 

I     3-  6 

—0. 00002 

— 0. 00108 

I     o-  3 

-f  0.00009 

-f  0. 00281 

3-  5 

0.00000 

— 0.00001 

—I       O—  2 

-fo.  00006 

-f  0. 00014 

I     3-  7 

0. 00000 

— 0. 00009 

I     o—  4 

-f  0.00004 

-fo,  0001 1 

—I     4+  I 

— 0. 00005 

— 0, 00008 

+0, 00006 

— 0. 00021 

I       A—  I 

— 0. 00006 

+0. 00021 

I    1+  I 

— 0, 00030 

—0,00035 

—  I       4  0 

— 0. 00076 

+0.00123 

—  I        1+  2 

—0. 00268 

— 0. 00454 

I       4—  2 

+0. 00172 

— 0. 00096 

I       I  o 

— 0.00044 

-fo.  00735 

—  I       4 —  I 

+0, 00854 

+0. 00189 

—I      i4-  I 

—0. 02737 

-f  0. 02542 

I       A—  1 

—0. 00866 

—0. 00409 

I      I —  I 

+0. 02861 

— 0. 02477 

 I        A   2 

— 0. 00290 

—0. 01857 

—  I       I  o 

-fo.  01 141 

— 0. 00207 

I       d. —  d. 

+0. 00175 

+0.01848 

I       I —  2 

—0. 00978 

— 0. 00398 

—  I       4. —  1 

— 0.00144 

+0. 00329 

— I     I —  I 

— 0.0I4II 

— 0. 02913 

I     4-  S 

+0. 00224 

— 0. 00109 

>     I—  3 

+0, 01296 

-f  0. 02896 

—I     4—  4 

+0.00531 

+0. 0009S 

—  I        I—  2 

— 0. 00007 

-f  0.00198 

I     4-  6 

— 0. 00504 

— 0. 001 14 

I      I—  4 

-fo.  0015  s 

+0.00128 

-I     4-  5 

+0.0001 1 

+0. 00008 

—I     I—  3 

-fo.  00005 

-fo.  00004 

I     4-  7 

— 0. 00068 

— 0. 00021 

I     I-  s 

-ho.  00010 

-fo.  00004 

—I     4—  6 

0. 00000 

+0.00001 

—  I       2-f  2 

— 0. 00008 

— 0, 00047 

I     4—  8 

— 0.00008 

— 0. 00002 

I       2  O 

— 0. 00076 

-f-0. 00036 

—  I     5  0 

—0.00015 

+0. 00006 

—I       2-f  I 

— 0. 0069s 

— 0. 00008 

I     5—  2 

+0. 00024 

+0.00006 

I       2 —  I 

-f  0,00997 

+0. 00533 

+0.00104 

+0. 00106 

— I       2  0 

-f  0. 02770 

-f  0. 04640 

—0. 00071 

— 0.00169 

I       2 —  2 

— 0. 02662 

—0.04693 

—I       5—  2 

+0. 00265 

^.00575 

—  I       2 —  I 

— 0. 00076 

— 0. 00994 

— 0. 00389 

+0. 00551 

I       2 — 

— 0. 00423 

-fo.  00517 

— 0. 01046 

— 0. 00047 

—  I       2 —  2 

—0.01782 

-fo,  00443 

I     5—  5 

+0. 01021 

+0. 00123 

I       2—  4 

+0.01745 

—0. 00374 

— ^     5—  4 

+0. 00162 

+0.00125 

-I       2-  3 

-f  0. 00056 

+0.00013 

I     5—  6 

— 0. 00034 

— 0.00141 

I       2-  5 

-fo.00141 

— 0. 00056 

-I     5-  5 

+0.001 12 

— 0. 00261 

—  I       2—  4 

-fo.  00003 

— 0.00001 

I     5—  7 

— 0.  00116 

+0. 00244 

I       2—  6 

+0. 00010 

— 0. 00004 

—I     5—  6 

+0. 0001 1 

— 0.00010 

—I       •?+  2 

-fo.  00001 

— 0. 00004 

I     5—  8 

—0. 00024 

+0. 00038 

I       2  O 

 0. 00010 

—I     5—  7 

0.00000 

0,00000 

— I       1-1-  I 

—0. 00077 

— 0. 00047 

I     5—  9 

— 0. 00003 

+0.00004 

I     3—  I 

-f  0. 000696 

+0.001690 

—I     6—  I 

+0.00004 

+0. 00020 

—130 

— 0. 00002 

+0.  01069 

I     6-  3 

+0. 00009 

— 0. 00027 

^     3-  2 

-f  0. 00356 

—  O.OII76 

—I     6—  2 

+0.001 1 07 

— 0. 000691 

—I     3—  I 

+0. 030730 

— 0. 01 1 244 

I  6-4 

— 0.00147 

+0, 00036 

I     3—  3 

— 0. 03IOI 

+0.00979 

-I  6-3 

— 0. 00341 

— 0. 00252 

—I     3—  2 

— 0. 00605 

— 0. 00099 

I  6-5 

+0. 00309 

+0. 00319 

I     3-  4 

-f  0. 00260 

+0. 00325 

-I  6-4 

— 0.00140 

+0. 00554 
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n  (ii 

Arg=w>'+i  g  -\-\g 

n  dt 

COS. 

sin. 

COS. 

sin. 

H     i'  i 

// 

// 

H     i'  i 

// 

// 

I  6 —  6 

+0.00185 

— 0. 00526 

—I     7—  4 

— 0. 00203 

+0.00179 

—I  6—5 

+0.00090 

—0. 00070 

I     7 —  ^ 

"  +0.00235 

— 0.00150 

I     0 —  7 

— 0. 00084 

-|-o.  00001 

—  *        /  D 

+0.00277 

+0. 00134 

—I  6—6 

— 0.00II9 

— 0. 00085 

I      7—  7 

— 0. 00253 

—0.00158 

I     6—  8 

-|-o.  00109 

-j-o.  00085 

—I     7—  6 

— 0. 00026 

— 0. 00058 

—I  6—7 

— 0. 00006 

— 0.0001 1 

I     7 —  5 

— 0.00010 

+0. 00046 

I  6-9 

-f  0.00019 

-|-o.  00020 

—I     7—  7 

— 0.00057 

+0. 00050 

—I     7-  2 

-j-o.  00021 

0.00000 

I     7—  9 

+0. 00056 

— 0.00044 

— 0.00012 

—I     7—  8 

— 0. 00008 

+0.00002 

I     7-  4 

— 0. 00024 

+0. 00015 

-I     7-  3 

— 0. 00035 

— 0. 00096 

I      7— lO 

— 0. 00007 

I     7-  5 

-|-o.  00008 

-I-O.OOM5 

The  logarithms  of  the  integrating  factors  are  contained  in  the  following  table : 


Arg. 


log. 


iV  +  in 


Arg. 


log  ^  


Arg. 


W  

^iV  +  iw 


Arg. 


log  ±- 


in 


o —  I 

o —  2 
o-  3 

0—  4 

1+  3 
1+  2 

1+  I 

1  o 

1—  1 
I —  2 

I—  3 
I—  4 

1-  5 

2+  2 
2+  I 

2  o 

2—  I 
2—  2 
2-  3 
2—  4 

2-  5 

2—  6 

3+  I 

3  o 

3—  I 

3-  2 
3-  3 
3—  4 


o.ooooooow 
9. 69897O0W 
9. 5228787W 
9-39794« 

9. 4749 
9. 6288 
9. 86947 
0.4551677 
o. i874988« 
9. 78268» 
9. S7685» 
9.4378W 
9- 3326W 

9. 5684 
9. 7692 
o. 15414 
o.  5246674W 
9. 8864688« 
9. 6385050^ 
9. 48165^ 
9. 3667^ 
9.  2758W 

9.  6879 

9.9780464 

1.2852549 

0.023 I 228« 

9.  7i03776« 
9- 5304S« 


V  i 
3-  5 
3-6 
3-  7 

3-  8 

4+  I 

4  o 

4—  I 
4—  2 
4—  3 
4—  4 
4-  5 
4-  6 

4—  7 
4-8 

4—  9 

5  o 

5-  I 
5-  2 
5-  3 
5-  4 
5-  5 
5-  6 
5-  7 
5-  8 

5-  9 

6—  I 
6—  2 
6-  3 


9.4036o« 
9-  305  6w 
9.  2256» 
9. 158i» 

9.6194 

9. 8531 
o.  39527 
o,  22364^ 

9. 79655« 
9. 58544» 
9. 44399W 
9-  3375« 
9.  2520^ 
9. i8o6« 
9.  ii93« 

9.7562 
o.  1232 
o.  6o745« 
9. 9041 6w 
9. 6484 1  w 
9.48853« 
9- 37i93« 
9. 28oo9« 
9.  2043» 
9- 1398^ 

9.9572 
o. 98422 
o.  04755« 


i'  i 
6-4 
6-5 
6—  6 
6-  7 
6—  8 
6 —  9 
6 — 10 

—  I 

—  2 

—  3 

—  4 

—  5 

—  6 

—  7 

—  8 

—  9 
— 10 
— II 

8-  2 
8-  3 
8-4 
8-  5 
8—  6 
8-  7 
8-  8 
8-9 
8—10 
8— II 
8—12 


. 72209» 

.538i6» 

• 40935W 
. 3ioi3» 
.  22942/2 
. i6i4» 
, 1026W 


9- 
9. 
9- 
9- 
9- 
9- 
9. 

9. 8374 
o. 3426 
o.  263 1 » 
9.8io88« 
9.  59420W 
9. 45030W 
9. 34240W 
9.  25604W 
9. i840« 

9. I223W 

9. 0683^ 

o.  0943 
o.  7098/2 
9. 9226W 
9. 6586W 
9.4955W 

9. 3773^* 
9.  2844« 
9. 2o8o« 
9. 1430^ 
9. o864» 
9. 0364W 


i'  i 
9—  3 
9—  4 
9—  5 
9 —  6 

9—  7 
9-  8 

9—  9 
9—10 
9— II 
9—12 

-  4 

-  5 

-  6 

-  7 

-  8 

-  9 
o— 10 

O— II 

0 —  12 

1—  4 
I-  5 
I—  6 

I—  7 
I—  8 
I—  9 
I— 10 
I— II 
I — 12 


o.  8081 
o.  0734« 
9.  7341W 
9.  546o« 
9.4152/1 
9«3i48« 

9.2333** 
9.  i647« 
9.  io54» 
9.0533W 

o. 3064^ 
9. 8257^ 
9. 603 1 « 
9.4567W 

9-3474« 
9. 2601/1 
9. i875« 
9.1253W 
9. 0709/2 

o. 8440W 
9. 941  8m 
9. 6689« 
9. 5026« 
9. 3827/? 
9. 2888/2 
9.  21 16/2 
9. 1461/2 
9. 0892/2 


In  making  the  integrations,  for  a  like  purpose,  as  in  Chapter  II,  we  put 
fto=+i".6639  =  — o".2304       ftj}  =  — o".i42o  =  — o''.02i6       ^4  = —o''.o  163 
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The  values  of      and  %  obtained  are 


Arg. 

n  dt 

COS. 

sin. 

sin. 

COS. 

i'  i 
o —  o 

// 

// 

// 

// 

—  0.001 193 

0 —  I 

—  1557 

—  0.0850 

+0.  1573 

—  0.0776 

-|-  o.o85oo3i«/ 

—  0.  i556525«/ 

— 0. 042501 

—  0.  o77826«/ 

O—  2 

—  0.0067 

—  0.0035 

-|-o.  0089 

—  0.0041 

+  0. 002382W/ 

—  0.  oo4362«/ 

— 0.  002382W/ 

—  0.004362W/ 

o-  3 

—  0.0004 

—  0.0002 

+0. 0006 

—  0.0003 

o—  3 

-|-  O.OOOIOOW/ 

—  0.  oooi83«/ 

— 0.000 I 5o«/ 

—  0.  ooo275«/ 

1+  2 

—  0.0010 

-|-  0.0001 

— 0. 0012 

—  0.0001 

1+  I 

—  0.0307 

—  0.0003 

— 0. 0209 

+  0.0016 

I  0 

—  0. 28914 

—  0. 19699 

—0.05475 

+  0.01448 

I—  I 

—  I. 0701 

+  5-5233 

+0. 3728 

+  I. 9271 

I—  2 

+  0.0444 

+  0.2679 

— 0. 0216 

+  0.  2090 

1—  3 

+  0.0012 

+  0.0103 

— 0. 0012 

+  0.0130 

I—  4 

0.0000 

+  0.0004 

— 0.0001 

+  0. 0009 

2+  I 

—  0.0027 

—  0.0014 

— 0. 0022 

+  0.0014 

2  O 

—  0.0652 

-  0.0557 

—0.0319 

+  0.0201 

2—  I 

—  2.46819 

—  0. 25498 

+0.53598 

—  0.08925 

2—  2 

—15.9230 

—  6.8519 

+9.4146 

—  4.0510 

2—  3 

—  0.5050 

—  0.2877 

+0. 5502 

—  0.  2902 

2—  4 

—  0.0220 

—  0.0130 

+0.0352 

—  0.0192 

2—  5 

—  0.001 1 

—  0.0007 

+0. 0023 

—  0.0014 

3+  I 

-l-  0.001 1 

+  0.0014 

+0. 001 1 

—  0.0014 

3  o 

+  0.0406 

-|-  0.0522 

+0.  0202 

—  0.0266 

3—  I 

+  1.25145 

-h  0. 92442 

+0.05199 

—  0.04655 

3-  2 

+11.8038 

+20.  7417 

-5.6592 

+  10.0352 

3-  3 

—  I- 1433 

+  2.6413 

+0. 7523 

+  2.0675 

3—  4 

—  0.0887 

+  0. 1062 

+0. 0870 

+  0. 1351 

3-  5 

—  0.0049 

0.0049 

+0. 0069 

+  0.0088 

3"  6 

—  0.0002 

+  0.0002 

+0. 0006 

+  0.0005 

4  o 

-l-  0.0003 

+  0.001 1 

+0. 0001 

—  0.0007 

4—  I 

+  0.0074 

-|-  0.0221 

+0.0019 

—  0.0078 

4—  2 

—  0.0654 

+  0.5841 

+0-0353 

+  0.  2024 

4—  3 

—  I. 1522 

0. 3762 

+0.  7480 

+  0.  2693 

4—  4 

+  0.4585 

+  0.  5534 

-0. 3584 

+  0.4556 

4—  5 

+  0.0193 

+  0.0513 

— 0. 0249 

+  0.0545 

4—  6 

+  0.0007 

+  0.0034 

— 0. 0015 

+  0.0054 

5—  I 

—  0.0013 

-|-  0.0024 

— 0. 0006 

—  0.0013 

5 —  2 

—  0. 05323 

4-  0.05842 

+0. 01054 

+  0.00834 

5—  3 

—  0. 5458 

—  0. 1892 

+0. 3136 

—  0. 1003 

5—  4 

+  0.0174 

+  0. 3398 

—0.0178 

+  0.2551 

S-  5 

+  0.2239 

—  0. 1 172 

— 0. 1948 

—  0.0960 

5—  6 

+  0.0258 

—  0.0030 

—0. 0284 

—  0.0051 

5-  7 

-l-  0.0020 

-j-  0.0002 

— 0. 0027 

—  0.0001 

FIRST  ORDER  PERTURBATIONS  OF  SATURN  BY  URANUS. 


Are, 

ddz 
dt 

Idv 
n  dt 

COS. 

6in. 

sin. 

COS. 

i'  i 

6   2 

// 

+  O.OI32I 

// 

—  0,00150 

// 

+0.001 10 

// 

—  0.00014 

^  3 

+  0. 1346 

+  0. 1932 

— 0.0614  

+  0.0913 

6-  4 

—  0.0532 

+  0.0981 

+0. 0324 

+  0.0722 

^  5 

+  0. 1332 

+  0.0183 

— 0. 1097 

+  0.0120 

6-  6 

—  0.  0244 

—  0. 0940 

-|-o,  0194 

—  0.  0849 

6-  7 

4-  0.  ooK 

-J-      V.  W*  J 

—  0.0127 

— 0. 001 1 

—  0. 0I4I 

6-  8 

J-  0.  0007 

—  0. 0010 

— 0. 0004 

—  0. 001 5 

7—  3 

—  O.OOOI 

+  0.0095 

+0. 0003 

+  0.0032 

7-  4 

—  0.0299 

+  0.0122 

+0.0184 

+  0.0089 

7-  5 

+  0.0304 

+  0,0299 

—0. 0250 

+  0.0217 

7—  6 

+  0.0198 

—  0.0561 

—0.0158 

—  0.0481 

7—  7 

—  0.0393 

-|-  0. 0007 

1  ^^^^ 

+0. 0303 

—  0. 0008 

7—  8 

  0. 0060 

—  0.0021 

-l-o.  0067 

—  0,0019 

8-3 

—  0.00094 

+  0.00122 

+0.00016 

+  0,00014 

8-4 

—  0. 0140 

—  0.0034 

+0. 0078 

—  0.0017 

8-  5 

+  0.0016 

+  0.0108 

— 0. 0019 

+  0,0077 

8—  6 

+  0.0167 

—  0.0112 

—0. 01 3 1 

—  0,0101 

8-  7 

—  0.0232 

—  0.0142 

+0. 0206 

—  0.0122 

8—  8 

—  0.  0036 

-j~  0.  0130 

+0. 0042 

+  0,  0149 

8-  9 

—  0.0017 

-1-  0, 0027 

4-0.  OOI7 

+  0.  0030 

9—  4 

+  0.0019 

+  0.0021 

— 0. 0008 

+  0,0010 

9-  5 

—  0.0007 

+  0.0024 

+0. 0010 

+  0.0016 

9 —  6 

+  0.0053 

-f-  0.0002 

— 0.0042 

—  0.0004 

9—  7 

—  0.0036 

  0.0094 

+0. 0039 

—  0,0076 

9—  8 

—  0.0090 

+  0.0090 

+0. 0079 

+  0,0084 

9—  9 

-j-  0. 006 1 

-|-  0. 0032 

— 0.  0058 

+  0.0034 

9 — lo 

+  0.  001 1 

-l-  0. 001 1 

— 0.  0012 

+  0,0012 

10—  5 

—  0.0007 

+  0.0003 

+0. 0004 

+  0,0002 

lo —  6 

-f  0.0010 

+  0.0009 

— 0. 0008 

+  0,0005 

lo —  7 

+  0.0008 

—  0.0028 

— 0. 0002 

—  0,0023 

lo—  8 

—  0.0052 

+  0.0008 

+0.0044 

+  0,0012 

lo—  9 

+  0.0032 

+  0.0051 

— 0. 0031 

+  0,0046 

lO— 10 

+  0.0021 

—  0.0021 

— 0. 0021 

—  0,0019 

10— II 

+  0.0003 

—  0.0006 

— 0.0004 

—  0,0008 

II —  6 

0.0000 

+  0.0003 

— 0. 0001 

+  0,0002 

II—  7 

+  0.0005 

—  0.0002 

— 0.0003 

—  0. 0005 

II—  8 

—  0.0015 

—  0.0008 

+0.0013 

—  0.0004 

II—  9 

+  O.OOOI 

+  0.0028 

— 0. 0002 

+  0,0025 

II  —  lO 

+  0.0022 

—  0.0012 

— 0. 0022 

—  0,0011 

II— II 

+  0.0006 

—  0.0004 

— 0.0006 

—  0,0004 
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Integrating  again  we  obtain  ndz  and  r.  The  constant  term  of  the  latter  quantity 
is  obtained  in  the  way  mentioned  at  the  end  of  Chapter  II.  As  the  quantities  now 
given  appertain  to  Saturn,  we  will  restore  to  the  symbols  their  accent,  and  the  mean 
anomaly  of  Uranus  will  be  denoted  as  . 


v' 

u' 

COS  t' 

Bin. 

cos. 

COS. 

sin. 

sin. 

// 

// 

// 

// 

0  o 

— 0. 2741 

— o.ouo 

— 0.  001 193^*'^ 

— 0. 003611^7 

O—  I 

0.  oooo 

0, 0000 

-|-o.  0795 

+  0.0351 

0. 0000 

0. 0000 

—  0.  o85coo«V 

—  0.  i55652«V 

—0. 04250o«V 

+  0.077826W'/ 

— o.032793«'/ 

+0. 042895WV 

0 —  2 

-f  0.0022 

—  0  0011 

+0. 0033 

+  0.0014 

+0. 0025 

— 0.  0002 

—  o.oohqiw'/" 

—  0,002l8lwV 

— o.ooiigiwV 

+  0.002181^'/ 

— 0. 0009 1 8w'/' 

+0.  OOI20lwV 

0-  3 

+  O.OOOI 

—  O.OOOI 

-(-O.OOOI 

+  O.OOOI 

—  0.000033WV 

—  0,00006 1  «V 

— 0. 000050WV 

+  0.  000092W'/' 

—0.  oooo39«'/' 

+0. 000050^7 

1+  2 

—  0. 0004 

0. 0000 

-|-o.  0005 

+  0,0000 

1+  I 

  0. 0227 

-f-  0, 0002 

4-0  oicc 

+  0.0012 

—0. 0019 

—0.0186 

I  0 

—  0. 8247 

'  +  0.5618 

4-0. 1562 

+  0.0413 

—0. 0668 

—0. 0556 

I —  I 

+  1-6479 

+  8.5055 

4-0. 5741 

—  2.9676 

+0. 0396 

+0. 0103 

I —  2 

—  0.0269 

+  0. 1624 

— 0. 0131 

—  0. 1267 

+0.0172 

—0. 0337 

I—  3 

—  0.0005 

+  0.0039 

— 0. 0005 

—  0.0049 

+0. 0006 

— 0. 0006 

1—  4 

0.0000 

+  O.OOOI 

0.0000 

—  0.0002 

3+  I 

—  0.0016 

-l-  0.0008 

4-0. 0013 

+  0.0008 

— 0.0017 

+0. 0002 

2  O 

-f-u.  U455 

+  0,  0287 

—0. 0403 

+0. 0224 

2—  I 

+  8. 2613 

—  0.  8535 

4-1, 7940 

+  0. 2987 

+0. 0626 

— 0. 1009 

2—  2 

+  12.  2601 

—  5- 2757 

4-7, 2489 

+  3, II9I 

+0. 0024 

—0. 0302 

2—  3 

+  0.  2197 

—  0. 1251 

4-0. 2394 

+  0. 1262 

+0. 0084 

+O.OOII 

2—  4 

+  0.0067 

—  0.0039 

4-0. 0107 

+  0.0058 

2-  5 

-f-  0.0003 

—  0.0002 

4-0. 0005 

+  0.0003 

3+  I 

-f-  0. 0005 

—  0.0007 

— 0. 0005 

—  0. 0007 

+0. 0004 

-  -0.0009 

3  o 

-1-  0  0-286 

\Jt  u^yu 

—  0,0253 

+0.0129 

-0. 0318 

3—  I 

-(-24. 1362 

—  17.8289 

— 1. 0026 

—  0.  8078 

-0. 0544 

—0. 0380 

3-  2 

— 12. 4493 

+21.8760 

—5,9688 

—10. 5840 

+0. 6084 

+0, 2227 

3—  3 

+  0.5869 

+  1.3558 

4-0. 3862 

—  1. 0612 

+0. 0208 

+0.0053 

3-^  4 

-{-  0.0301 

+  0.0360 

4-0, 0295 

—  0. 0458 

+0. 0008 

+0. 0029 

3-  5 

+  0.0012 

+  0.0012 

4-0. 0017 

—  0.0022 

4  o 

-)~  0.0002 

—  0.0008 

— O.OOOI 

—  0.0005 

4—  I 

+  0.0184 

—  0.0549 

—0. 0047 

—  0.0194 

— 0, 0050 

— 0. 0022 

4—  2 

-f-  0. 1094 

+  0.9775 

+0.0591 

"  0. 3387 

+0. 0264 

—0.0043 

4—  3 

+  0.7212 

4-  0. 2354 

+0. 4682 

—  0. 1686 

+0, 0043 

— 0. 0241 

4—  4 

—  0.1765 

4-  0. 2130 

—0, 1380 

—  0.1754 

+0. 0006 

+0. 0003 

4-  5 

—  0.0054 

+  0.0143 

— 0. 0069 

—  0.0I5I 

— 0. 0008 

+0. 0002 

4-  6 

—  0.0002 

+  0.0007 

— 0.0003 

—  0.0012 

5-  I 

—  0,0017 

—  0.0032 

+0. 0008 

—  0.0017 

— 0.0012 

+0. 0003 

5-  2 

+  0.2155 

4-  0.2366 

+0. 0427 

—  0.0338 

+0. 0030 

— 0. 0008 

5-  3 

+  0.4377 

—  0. 1517 

+0.2514 

+  0.0804 

—0. 0099 

— 0. 0207 
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cos  i' 

sin. 

COS. 

COS. 

sin. 

fiin. 

COS. 

// 

it 

// 

// 

// 

5—  4 

—  0.0077 

+  0. 1512 

— 0. 0079 

—  o-"35 

+0. 0049 

— 0.0010 

5-  5 

—  0.0689 

—  0.0361 

— 0. 0600 

-+  Ji^o^96 

5—  6 

—  0.0061 

—  0.0007 

— 0. 0067 

+  0.0012 

5—  7 

—  0.0004 

0. 0000 

— 0. 0005 

0. 0000 

6—  2 

+  0. 1274 

4-  0.0145 

— 0.0106 

—  0.0014 

— 0.0010 

— 0.001 1 

6-3 

—  0. 1 501 

+  0.2155 

—0. 0685 

—  0. 1019 

+0.01 12 

+0. 0072 

6 —  4 

+  0.0281 

+  0.0517 

+0.01 7 1 

—  0.0381 

+0. 0029 

— 0. 0018 

6-  5 

—  0.0460 

+  0.0063 

—0. 0379 

—  0. 0041 

+0. 0004 

+0. 0014 

6—  6 

+  0.0063 

—  0.0241 

4-0. 0050 

+  0.0218 

6-  7 

—  0.0003 

—  0.0026 

— 0.0002 

+  0.0029 

6—  8 

—  0.0001 

—  0.0002 

— 0.  OOOI 

+  0.0003 

7—  3 

-|-  0.0002 

+  0.0174 

-fo.  0006 

—  0.0059 

+0. 0006 

0.0000 

7—  4 

+  0.0193 

+  0.0079 

+0.01 19 

—  0.0058 

+0. 0005 

— 0. 0015 

7-  5 

—  0. 01 19 

4-  0.0117 

— 0. 0098 

—  0.0085 

+0. 0007 

+0.0007 

7—  6  . 

—  0.0056 

—  0.0158 

— 0.0045 

+  0.0136 

— 0. 0005 

+0. 0002 

7—  7_ 

+  o.po86 

+  0.0002 

+0. 0080 

+  0.0002 

7—  S' 

+  0.001 1 

—  0.0004 

-I-O.O0I2 

+  0.0003 

8-  3 

-f-  0.0048 

-f  0.0063 

-j-o.  0008 

—  0.0007 

8-  4 

-j-  0. 0117 

—  0.0028 

+0. 0065 

+  0.0014 

8-  5 

—  0.0007 

+  0.0049 

— 0.0009 

—  0.0035 

8—  6 

—  0.0052 

—  0. 0035 

— 0.0041 

+  0.0032 

8-  7 

+  0.0054  , 

—  0.0034 

+0. 0049 

+  0.0029 

8—  8 

+  0.0007 

4-  0.0030 

+0.0008 

—  0.0029 

8-  9 

+  0.0003 

+  0.0004 

+0. 0003 

—  0.0005 

9—  4 

—  0.0022 

+  0.0025 

— 0. 0009 

—  0.0012 

9-  5 

+  0.0004 

+  0.0013 

+0. 0005 

—  0.0009 

9-6 

—  0.0019 

4-  0.0001 

—0.0015 

+  0.0001 

9—  7 

+  0.0009 

—  0.0024 

+O.O0IO 

+  0.0020 

9-8 

+  0.0019 

4-  0.0019 

+0. 0016 

—  0.0017 

9—  9 

—  0.  OOIO 

4-  0.0005 

— 0.0010 

—  0.0006 

9 — 10 

—  0.0002 

+  0.0002 

— 0. 0002 

—  0.0002 

lo-  5 

+  0.0005 

4-  0.0002 

+0. 0003 

—  0.0001 

10 —  6 

—  0.0004 

4-  0.0004 

— 0. 0003 

—  0.0002 

10 —  7 

—  0.0002 

—  0.0008 

— 0.0001 

+  0.0005 

10—  8 

+  0.0012 

+  0.0002 

+0.  OOIO 

—  0.0003 

10 —  9 

—  0.0006 

-1-  0. 0000 

— 0, 0006 

—  0. 0008 

10—10 

—  0.0003 

—  0.0003 

— 0. 0003 

+  0.0003 

II—  7 

—  0.0002 

—  0.0001 

.  — 0.0001 

+  0.0001 

II—  8 

+  0.0004 

—  0.0002 

+0. 0003 

+  0.0001 

II—  9 

0.0000 

+  0.0005 

0. 0000 

—  0.0005 

II— 10 

—  0.0004 

—  0.0002 

—0.0004 

+  0.0002 
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PERTURBATIONS  OF  JUPITER  BY  URANUS  OF  THE  FIRST  ORDER  WITH  RESPECT  TO  DISTURBING 

FORCES. 

For  a  like  reason  as  in  the  preceding  chapter  we  here  denote  the  quantities  per- 
taining to  Jupiter  without  accents  and  those  pertaining  to  Uranus  with  a  single  accent. 

The  elements  of  the  two  planets  being  the  same  as  those  which  have  already  been 
given  (pages  19,  109),  we  have  the  corrected  log  a  =  0.7162333  and  corrected  log 
a' =  1.2831044.    Whence  log  a  =  9.4331289.    The  coefficients  of  the  terms  of  the 

developments  of  the  reciprocal  of  the  distance  between  Jupiter  and  Uranus  ^  and  its 

odd  powers  are  functions  of  the  six  following  elements ; 

o    /  // 

log  ^=9.4331289  J  =    o  42  3.44 

6=0,04824377  77=  64  26  56.50 

^'=0.0469236  JT=22o  46  7.70 

n  and  IT  are  measured  from  the  ascending  node  of  the  orbit  of  Uranus  on  that  of 
Jupiter.  In  developing  these  functions  it  is  better  to  take  the  eccentric  anomaly  of 
Jupiter,  as,  in  this  way,  the  quantity     is  smaller. 

The  values  of  the  auxiliary  constants,  entirely  similar  to  those  of  Chapter  I,  are 

O  f  If 

logfc    =9-9999735  ^  =^5^  ^9  ^7-20 

logfci  =9,9999939  Ki=i56  19  5.20 

logp    =9.8345468  P  =?  71  26  4.40 

logv    =9.7332373  ^  =156  17  50-42 

logw   =9.7340868  W=  84  52  22,26 

\ogWi  =9.7332136  Wi=  84  53  51.63 

logi;^2=5-9320922 

On  account  of  the  smallness  of  a  and  the  consequent  smallness  of  ^y^y  we  shall 
not  employ  the  transformation  involving  the  quantities  we  have  denoted  as  N,  a  and 
b,  and  the  resulting  6  log  k  and  K,  but  proceed  by  the  method  of  Hansen,*  where  he 
puts  D=yo+iX2>  and  we  have 

^■^^^=D— /cos  {£— F)  -k-iy^  cos  2B 

Here  we  have 

0=1.07323843  — [8.9724213]  cos  £'+[7.3427826]  COS^         [8.6834322]/ COS  P 
*  Anseinandereetzuiig,  Abh.  I,  s.  167. 
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As  in  the  preceding  chapter,  we  divide  the  circumference  into  twelve  parts,  with 
reference  to  the  mean  anomaly  of  Uranus.  The  values  of  f',  for  these  points,  have 
already  been  given  (page  1 10),  and  we  obtain : 


9' 

D 

log/ 

(0) 

0.9591055 

9.  7077032 

-0  ^ 

150 

 /  

I 

It 

21. 54 

0.  9702930 

9.  7104030 

159 

15 

53.  22 

1. 01 1271  <; 

161 

35 

17.38 

(3) 

1.0697477 

9.  7328869 

162 

23 

4.63 

(4) 

I. 1293612 

9. 7454930 

161 

34 

9. 60 

(5/ 

I. 1746782 

9. 7548019 

159 

27 

53.89 

(6) 

1.1947071 

9.7589259 

156 

37 

34.52 

(7) 

I. 1847586 

9-  7570545 

153 

42 

35-70 

(8) 

1.1471045 

9. 7494304 

151 

23 

25.00 

(9) 

I. 0907100 

9- 7374805 

150 

16 

27.65 

(10) 

1.0298657 

9. 7239800 

150 

45 

52.98 

(") 

0. 9812273 

9.  7128003 

152 

51 

45.93 

S 

6. 4714155 

8. 4055070 

937 

57 

41.02 

S' 

6.4714154 

8.4055071 

937 

57 

41.02 

We  propose  now  to  develop  the  quantity  [D — /cos  (f  —  F)]  %  n  being  a  posi- 
tive odd  integer;  afterwards  passing  thence  to  the  developments  of 
multiplying  by  the  very  small  factor       cos  2^,  and  applying  the  resulting  correc- 
tions.   With  Hansen  *  we  put 

[D  -/cos  {E  -  F)]       =  aj"*+  2ar''co8  (6  -  F)  +  24"' COS  2  (e  -  F)  +  

By  the  method  given  by  Hansen  the  values  of  log  i  al"*  have  been  computed. 
The  division  by  six  is  employed  for  the  purpose  of  saving  the  constant  division  by 
this  integer,  which  occurs  in  the  following  process  of  mechanical  quadratures. 


*  AnseinandersetzuBg,  Abh.  I,  s.  150. 
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log  5^^^ 

logs  4" 

logs  4" 

f 

iogs«r> 

logs  4" 

io44" 

(o) 

0  2C7i\7l6 

8  A206'2'2A 

7.  7'!668i6 
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J*  yj  Jjy^ 
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(7) 
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0  21 A07 1 I 
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6  127200'? 
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e  070T7C 
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5. 160349 
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78.4193034 
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y*  -^y^jjT-y 

8. 8060*?^  I 
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(5) 
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3.  80309 
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9. 2261067 

8. 8031994 

8.  3082698 

7.7852125 

(6) 
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3.  76956 
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9-2132493 

8. 7868506 

8. 2883108 

7, 7616120 

(7)  ■ 
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7- 7739360 
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8.  '?'?7'i70I 
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(9) 
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3-  36256 

9. 2834348 
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(10) 
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3-  49636 

9-3283321 
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8. 4690276 

7.9760473 

(") 

4. 75736 

4. 18321 

3. 61224 

9. 3667520 

8. 9834097 

8.  5295479 

8.0479558 

s 

67.51364 

63.94112 

60. 38765 

5-7704413 

3. 3499824 

90.  5017777 

87. 4859663 

67.51365 

63.94115 

60. 38764 

5.7704414 

3-  3499828 

90.  5017784 

87.4859672 
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logger 

logs  4" 

log5«i" 

log54" 

log-;«<" 

,       1  (5) 

log  6  Ob 

(0) 

7.  5919423 

7.0917905 

0. 5"5'*y*^ 

6. 07415 

5*  55949 

5  *  o^zo  J 

9.  57001 

ft\ 
(0 

7- 5723340 

7.  0095357 

o.  5^379 

0.  04059 

5. 32920 

5.  00920 

^.  jOZi^U 

7.  5005007 

0.  yo/ovJoo 

0. 405733 

5.  94501 

t^t  00 /  /  0 

9.  J*^jOO 

{3} 

7. 4035440 

0*  345305 

5. 00031 

3.^770 

4'  72432 

9.42535 

(4; 

7.  3I224I4 

0. 7730204 

0.  ZZOOU4 

5. 07092 

5. 12570 

4*  5"9/o 

9*  35"yo 

(0 
\j/ 

7,  2471039 

6. 6996098 

6. 145700 

5,58713 

5.  02501 

4. 46010 

9.  29782 

(6) 

7.2I9849I 

6. 6686942 

6. 111119 

5. 54888 

4. 98309 

4.41452 

9- 27528 

(7) 

7.2341706 

6. 6850168 

6. 129446 

5.56922 

5.00544 

4. 43888 

9.  28664 

W 

7.  2570514 

0.  7457907 

0. 197532 

5>  64460 

5.  00014 

4*  52009 

9. 33018 

(9) 

7-3713956 

6. 8409426 

6. 304092 

5.76258 

5.21754 

4. 66972 

9. 39^73 

(10) 

7.4681307 

6. 9508870 

6. 427261 

5.89899 

5.36719 

4. 83262 

9.47800 

7-  5514757 

7.  0450931 

0-  533543 

0.  01075 

5.49644 

4-  97336 

9. 54009 

s 

84.  3803236 

81. 2186096 

78.018539 

74. 79055 

71. 54138 

68. 27556 

6. 51709 

S' 

84. 3803246 

81. 21861IO 

78. 018545 

74.  79058 

71.  54I4I 

68. 27558 

6. 51709 

log5<' 

log5<* 

logs  4" 

logg«i" 

logg'^" 

log^" 

logs  4" 

9'  37475 

9.  05490 

0. 07009 

0.  ZO947 

7'  03799 

7. 38991 

6. 9308 

9'  35641 

9.03419 

o»  05504 

<*•  24303 

7.  0O9OO 

7. 30030 

6. 9000 

9.  29030 

959*5 

0.  57122 

0. 14903 

7.  70005 

7*  24553 

6. 7746 

\3) 

^.  ^Ul  uu 

0.  o^ozy 

45759 

0.  OZZ9^ 

7' 50500 

7.09149 

6.  6061 

W 

9.  1 1752 

0. 70203 

O- 34990 

7.  90314 

7' 43419 

6. 94840 

6. 45^6 

(5) 

9.05741 

8. 69438 

8. 27315 

7.81777 

6.  846'?'? 

6.  ^417 

(6) 

9.03198 

8.  66557 

8. 24084 

7. 78184 

7.  30048 

6.  80297 

6. 2945 

(7) 

9.04491 

8. 68036 

8. 25754 

7.80047 

7.32110 

6.  82525 

6.3184 

9.  U9419 

0. 73030 

0.  ^Z(J^U 

/. o/uoz 

7.  39700 

0.  909OZ 

6. 4H0 

(9) 

9. 17164 

8. 82423 

8.41933 

7.98041 

7.5I916 

7.04098 

6.5518 

(10) 

9. 26104 

-8. 92570 

8. 53336 

8. 10735 

7. 65870 

7. 19389 

6.7181 

(") 

9. 33781 

9.01286 

8. 63148 

8.21656 

7. 77944 

7.32565 

6. 8608 

s 

5. 16984 

3- 10433 

0. 69473 

88. 08205 

85-33501 

82. 49082 

79. 5806 

S' 

5. 16984 

3* 10431 

0. 69473 

88. 08196 

85.33506 

82.  49000 

79.  5788 
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The  values  of  the  coefficients  A,  precisely  as  in  Chapter  III,  but  relative  to 
[D— /  cos  (f— F)]"»,  instead  of  to      are : 


^  (c) 

A, 

a(*) 

A, 

A(e) 

A  (e) 

7 

8 

8 

8 

8 

8 

8 

8 

1809554 

—  24OOOOO 

 1070430 

1  -jSioAei 

-r  3*52451 

—  42507 

 130542 

—  3507 

1707762 

0207  7Q 

4108^0 

'171066 

62439 

ii84t;t; 

+  4126 

(2) 

1756238 

2354727 

783854 

418273 

313:78 

69584 

100250 

8420 

(3) 

1701717 

2220979 

705192 

388508 

274375 

65043 

85835 

8558 

i6;iit;2 

2082389 

693957 

3481 12 

261003 

54482 

78659 

6189 

(s) 

1615675 

1969751 

737833 

307911 

268324 

41843 

77403 

+  2720 

(6) 

1600760 

1896572 

819688 

272566 

289721 

28893 

79905 

—  II61 

(7) 

I 6081 86 

IS69782 

923701 

245115 

320369 

16711 

84942 

5099 

(8) 

1637092 

I 89605  I 

IO34178 

230048 

357232 

6745 

92497 

8789 

(9) 

1683448 

I98II4I 

1131199 

234252 

396909 

1484 

103282 

11741 

(lo) 

1738239 

2120579 

II86866 

264745 

431527 

4683 

I 16902 

12854 

(») 

1786248 

—  22833II 

—  1170303 

+  320554 

+  445679 

—19456 

—128827 

— I 032 I 

S 

1.0193035 

— I2757II8 

-5588979 

+  I91619S 

+2076741 

—206974 

-598755 

— II 762 

S' 

1. 0193036 

-I2757IO7 

-5588967 

+  1916190 

+2076722 

—206976 

—598744 

-11757 

A(e) 

Aj*» 

A*** 

^8 

^8 

Ai" 

6 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

(0) 

+  34459 

+  4478 

—  7791 

—  1917 

+  1400 

+  621 

—  134 

—  168 

-35 

+  38 

+  27 

(0 

33321 

2047 

8411 

1284 

1875 

496 

345 

157 

+40 

44 

+  5 

(2) 

28695 

+  271 

7530 

676 

I8II 

315 

391 

III 

71 

34 

—  9 

(3) 

24115 

  210 

6248 

421 

1497 

215 

328 

77 

63 

24 

9 

(4) 

21196 

+  197 

5236 

445 

1185 

195 

241 

65 

41 

18 

—  7 

(5) 

19705 

IOI5 

4512 

600 

916 

212 

155 

61 

+17 

15 

+  1 

(6) 

19013 

1984 

3917 

792 

659 

235 

-69 

58 

—  7 

12 

7 

(7) 

18818 

2989 

3384 

985 

403 

254 

+  18 

53 

31 

8 

12 

(8) 

19339 

3998 

3008 

1 187 

174 

273 

lOI 

47 

54 

4 

17 

(9) 

21266 

5016 

3058 

1446 

42 

318 

170 

48 

77 

I 

23 

(10) 

25291 

5876 

3937 

1790 

144 

420 

193 

71 

97 

4 

31 

(") 

+  30758 

+  5944 

-  5803 

— 2069 

+  640 

+  563 

+  99 

— 122 

—92 

+  18 

+37 

S 

+147993 

+16804 

—31419 

—6807 

+5373 

+  2059 

-  541 

—520 

—81 

+  110 

+66 

+  147983 

+16801 

—31416 

—6805 

+5373 

+2058 

-541 

-518 

—80 

+  110 

+69 
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In  the  case  of  [D— /cos  («— F)]  »  we  have 


A^  ' 

(0) 

7 

2427402 

7 

-  928795 

7 

—  413086 

7 

+  242484 

7 

+  268878 

—  37529 

115037 

-  4023 

7 

+  38871 

(0 

2376362 

925345 

350309 

262491 

231991 

54262- 

102943 

+  4591 

37071 

(2) 

2202385 

851527 

283461 

248719 

186226 

57534 

82890 

8914 

30379 

(3) 

1988543 

750201 

238200 

215966 

152521 

50297 

66374 

8475 

23883 

(4) 

1804437 

659208 

21968 

18149O 

136075 

39528 

57068 

5752 

19700 

(S) 

1683088 

595234 

222964 

I53316 

133605 

29000 

53647 

+  2416 

17499 

(6) 

1633989 

561906 

242853 

133088 

141 464 

19640 

54316 

-  lOII 

16559 

(7) 

1658443 

559489 

276396 

120864 

157971 

1 1470 

58303 

4484 

16550 

1755*^34 

5^9379 

321470 

II7792 

182914 

4807 

65914 

8024 

17656 

(9) 

I 9205 9 I 

653832 

373327 

127263 

215630 

1121 

78064 

1 1 366 

20588 

(10) 

2129767 

749871 

419695 

153984 

250990 

3788 

94558 

13314 

26196 

2326762 

—  856562 

—  439028 

+  197646 

+  274795 

16677 

I 10423 

-I 1326 

+  33753 

0 
0 

I- 1953814 

— 4340686 

—  1900246 

+  1077557 

+ I 166547 

—162826 

-469783 

-I 1706 

+  149361 

c/ 

b 

I- 1953789 

—4340663 

—  1900224 

+  1077546 

+1166513 

—162827 

—469754 

-1 1694 

+149344 

.(c) 

A 

(•) 

7 

Ai" 

A*'* 

A<^> 

A<'> 

(0) 

7 

+  6156 

7 

— 10711 

—3108 

7 

+2269 

7 

+  1160 

7 

250 

7 

-  355 

7 

-  74 

+  '89 

+  '64 

(0 

2775 

1 1404 

2054 

2998 

914 

636 

328 

+  82 

lOI 

+  12 

(2) 

+  349 

9717 

1029 

2757 

553 

686 

220 

141 

75 

—  19 

(3) 

—  253 

7542 

599 

2132 

353 

537 

144 

117 

49 

19 

(4) 

+  223 

5934 

595 

1585 

301 

371 

"3 

72 

34 

—  9 

(S) 

1099 

4885 

766 

II7O 

312 

229 

102 

+  29 

29 

+  2 

(6) 

2108 

4160 

993 

826 

340 

100 

95 

—  12 

22 

13 

(7) 

3205 

3629 

1247 

510 

370 

+  26 

87 

51 

15 

23 

(8) 

4451 

3348 

1559 

229 

414 

153 

81 

92 

7 

33 

(9) 

5920 

3609 

2013 

58 

511 

272 , 

88 

140 

2 

47 

(10) 

7419 

4971 

'?666 

214 

720 

330 

137 

188 

8 

68 

(") 

+  7949 

—  7761 

—3264 

+  1009 

+1024 

+  180 

—  250 

—  189 

+  41 

+  85 

S 

+20706 

—38841 

—9950 

+  7880 

+3488 

—924 

—  lOOI 

-152 

+235 

+  150 

S' 

+2069S 

—38830 

—9943 

+  7877 

+3484 

924 

—  999 

-153 

+237 

+  150 

25  AST  10 
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In  the  case  of  [D— /cos  {e — F)]  '  we  have 


A*;' 

A" 

4'' 

a;" 

(0) 

3791S 

-21655 

—  9631 

-J-  7600 

+  8428 

6 

 1401 

6 

—  4538 

(0 

36514 

21249 

8044 

8106 

7165 

21 10 

(2) 

31905 

18516 

6164 

7286 

5455 

2125 

3061 

(3) 

26629 

15163 

4815 

5894 

4163 

1732 

2286 

(4) 

22437 

1243s 

4144 

4632 

3473 

1275 

1840 

(5) 

19853 

10688 

4003 

3730 

3250 

892 

1650 

(6) 

18849 

9881 

4270 

3172 

3372 

592 

•  1638 

(7) 

19348 

9942 

4912 

291  I 

3805 

349 

1775 

(8) 

21388 

10905 

5948 

2951 

4581 

152 

2086 

(9) 

25046 

12893 

7362 

3391 

5745 

38 

2626 

(10) 

30061 

15917 

8909 

4407 

7183 

137 

3412 

(II) 

35163 

— 19371 

—  9929 

+  6014 

+  8360 

—  639 

-  4233 

S 

1.62555 

—89309 

—39066 

+30048 

+32492 

-5762 

— 16«:7? 

1.62553 

—89306 

—39065 

+30046 

+32488 

-5760 

— 16^7^ 

Ac) 

A*'* 

Ac) 

.(e) 
Ay 

(0) 

6 

—  191 

+1850 

+343 

6 

-597 

ft 

—  198 

6 

+  141 

6 

+  83 

ft 

Tfi 

— IS 

(I) 

+  215 

1740 

153 

627 

130 

189 

65 

(2) 

397 

I3S4 

+ 18 

508 

62 

165 

37 

46 

(3) 

353 

994 

— 12 

368 

33 

119 

22 

34 

(4) 

224 

768 

+ 10 

272 

31 

83 

18 

22 

(5) 

+  90 

651 

48 

213 

38 

59 

18 

13 

(6) 

-  37 

604 

90 

178 

49 

41 

19 

—  6 

(7) 

165 

610 

139 

157 

62 

25 

21 

+  I 

(8) 

307 

676 

200 

150 

80 

12 

24 

9 

(9) 

462 

837 

282 

172 

no 

3 

31 

17 

(10) 

580 

1 142 

379 

254 

156 

13 

47 

22 

(II) 

-524 

+1561 

+  431 

—  420 

—202 

+  62 

+  71 

+13 

S 

-494 

+6394 

+1040 

-1959 

-576 

+455 

+228 

-61 

-493 

+6393 

+1041 

-1957 

-575 

+457 

+228 

—61 
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 n 

From  these  coefficients  are  derived  the  developments  of  the  form  [D— /cos   — F)] 
where  n  successively  is  i,  3,  and  5  ;  which,  as  they  are  so  nearly  those  of      etc.,  we 
do  not  give,  but  pass  immediately  to  the  expressions  of  the  latter  functions.  We  have 


a 

t 

A 



COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

1-0193035 

I9S379 

1-6255 

— 0. 00229705 

— 0. 00015659 

—0. 0673943 

— 0. 0205274 

—0. 2675 

— 0. 0854 

-f  0. 0000457 

4-0. 0000144 

+0. 001493 

4-0. 000834 

-fo.  01 14 

-|-o.  0070 

— 0. 0000005 

— 0. 0000004 

— 0. 000028 

— 0. 000026 

— 0.0004 

— 0. 0003 

-j-0. 0000040 

— 0.0000010 

4-0.000155 

— 0. 000062 

-fo.0015 

— 0. 0006 

—0. 0004047 

— 0.0000231 

— 0. 000040 

4-0. 001093 

—0. 0356 

4-0. 0068 

-f  0.0623805 

4-0.0055532 

4-0. 235847 

4-0. 021001 

4-0. 5626 

-f  0. 0502 

— 0. 2551421 

-0.  II 17795 

— 0.  S05133 

— 0. 380047 

—1. 7861 

-0.7813 

— 0. 0004761 

— 0. 0007546 

4-0. 012S44 

4-0. 009831 

4-0. 0805 

4-0. 0678 

— 0. 0000068 

—0. 0000085 

— 0. 000259 

— 0. 000301 

— 0. 0027 

—0.0034 

— 0. 0000362 

— 0. 0000063 

— 0. 000678 

-f  0. 000022 

—0. 0043 

-fo.  0003 

+0.0037678 

4-0. 0006847 

4-0. 022799 

4-0.004199 

4-0. 0763 

4-0. 0142 

— 0. 0280461 

—0.0147239 

— 0. 149878 

—0. 079949 

—0. 4252 

—0. 2285 

+0. 0383234 

4-0.0415345 

4-0.215505 

4-0. 233305 

4-0. 6009 

4-0. 6498 

+0. 0001270 

4-0. 0004814 

— 0. 001697 

— 0, 002229 

—0.0158 

— 0. 0294 

-fO.  0000001 

4-0.0000044 

4-0. 000031 

4-0.  OOOOoS 

4-0. 0005 

4-0.0013 

— 0. 0000030 

— 0. 0000008 

— 0. 000065 

— 0.000005 

— 0, 0005 

0.0000 

+0. 0002550 

4-0. 0000720 

4-0. 002142 

-f  0.000615 

4-0. 0092 

-f  0.0027 

— 0. 0026134 

— 0.0016411 

— 0.01903 1 

— 0.012257 

— 0. 0688 

— 0. 0449 

-j-o.  0069628 

-f  0. 0086560 

4-0.051549 

4-0. 064745 

4-0.1787 

4-0. 2259 

—0. 004I39I 

— 0. 01 19747 

—0.032561 

— 0. 093951 

— 0. 1 152 

-0.3315 

-f  0. 0000239 

—0.0001866 

-f-o.  000259 

4-0. 000119 

-f  0.0012 

-fo.  0092 

4-0. 0000009 

— 0.0000017 

4-0. 000003 

— 0. 000024 

0.0000 

— 0.0004 

-f-0. 0000182 

4-0. 0000072 

4-0. 000197 

-f  0. 000078 

-\-o.  0010 

-f  0.0004 

— 0. 0002277 

— 0. 0001706 

— 0. 002108 

— 0.001630 

—0.0093 

— 0. 0073 

-fo.  0008709 

4-0. 0012602 

4-0. 008001 

-fO.OIl8l2 

-+-0.  o^oS 

—0. 0009323 

—0. 0034235 

— 0. 008829 

—0.032913 

—0. 0365 

-0. 1373 

—0. 0002354 

4-0. 0029595 

— 0. 002342 

4-0. 029867 

— 0. 0099 

4-0. 1279 

— 0. 0000316 

4-0. 0000542 

—0.000155 

4-0. 0001 2 1 

4-0.0004 

— 0.  0022 

— 0. 0000006 

4-0.0000005 

— 0.000004 

4-0. 000006 

—0.  OOOOI9I 

—0. 0000170 

— 0. 000215 

— 0.000199 

— 0. 001 1 

—0.  001 1 

4-0.0000915 

4-0. 0001570 

4-0. 001003 

4-0.001774 

-f  0. 0049 

4-0. 0088 

— 0. 0001233 

—0. 0006229 

—0.001353 

— 0. 0071 17 

— 0.0064 

-0.0345 

— 0. 0001576 

4-0.0010713 

— 0.001894 

4-O.OI26I9 

— 0. 0094 

-f  0.0616 

4-0. 0003361 

— 0. 0006282 

4-0.004140 

— 0. 007765 

4-0. 0208 

— 0. 0392 

4-0.0000158 

— 0.0000117 

4-0. 000103 

— 0. 000051 

— 0.0001 

4-0. 0004 

4-0, 0000003 

0.0000000 

4-0. 000003 

— 0.000001 

—0. 0000015 

—0.0000016 

—0. 000020 

— 0. 000023 

4-0. 0000086 

4-0. 0000179 

4-0.  OOOIIO 

-f  0. 000237 

4-0. 0006 

-f  0.0014 

i'  i 

0  o 

O—  I 

O —  2 

0-  3 

14-  2 

1  o 

1—  I 

I—  2 

1-  3 

24- 1 

2  O 

2—  I 

2—  2 

2-  3 

2—  4 

3+  I 

3  o 

3-  I 
3-  2 
3-  3 
3—  4 

3-  5 

4  o 

4—  I 
4—  2 
4-  3 
4-  4 
4—  5 

4-  6 

5-  I 
5-  2 
5-  3 
5-  4 
5-  5 
5-6 

5-  7 

6—  I 
6-  2 


N 
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A 

COB. 

sin. 

COS. 

sin. 

COS. 

Bin. 

i'  i 
^3 

—  O.  0000112 

— 0.0060919 

— 0. 000136 

— 0. 001218 

— 0. 0007 

—0. 0067 

6-4 

— 0.0000510 

+0. 0002332 

— 0. 000710 

+0.003155 

— 0. 0040 

+0.0174 

6-5 

+0.0001702 

—0. 0002726 

+0. 002389 

— 0. 003807 

+0. 0134 

— 0. 0213 

6—  6 

—0. 0001 361 

+0. 0001074 

—0.001989 

+0.001575 

— 0. 01 15 

+0. 0091 

6-  7 

-pU.  OOUUOU 

7—  I 

— 0. 000000130 

—0.000000160 

7—  2 

+0. 0000007 

+0.  0000019 

+0.  OOOOI I 

+0. 000029 

7-  3 

— 0. 0000005 

— 0. 00001 19 

— 0. 000006 

— 0. 000181 

0.  0000 

—0. 001 1 

7—  4 

— 0. 00001 17 

+0. 0000396 

— 0.000185 

+0. 000607 

— 0. 0012 

+0.0037 

7-  5 

+0. 0000494 

— 0. 0000683 

+0. 000782 

—0. 001069 

+0. 0049 

— 0. 0066 

7—  6 

^—0.  0000772 

-j-o.  0000529 

—0.  001252 

+0. 000055 

— 0. 0079 

+0. 0053 

7"  7 

+0. 0000412 

— 0. 0000108 

+0. 000697 

— 0. 0001 84 

+0. 0046 

— 0. 0012 

7 —  8 

+0.0000017 

+0. 0000003 

+0. 000019 

+0. 000005 

8-  3 

0. 0000000 

— 0.0000015 

+0.000001 

— 0. 000024 

* 

8—  4 

— 0. 0000022 

+0. 0000058 

— 0. 000039 

+0. 000099 

8-  5 

+0. 0000109 

— 0. 0000130 

+0, 000192 

—0. 000225 

8—  6 

— 0. 0000245 

+0.0000145 

— 0. 000441 

+0. 000257 

8-  7 

+0. 0000264 

— 0. 0000050 

+0. 000486 

— 0. 000092 

8—  8 

— 0.0000104 

— 0. 0000016 

—0. 000200 

—0. 000030 

9—  4 

—0.0000004 

+0. 0000008 

— 0. 000007 

+0, 000014 

9-  5 

+0. 0000020 

— 0. 0000021 

+0. 000039 

—0. 000039 

9-6 

— 0. 0000058 

+0. 0000029 

—0.000115 

+0. 000056 

9-  7 

+0. 0000093 

— 0.0000012 

+0.000186 

— 0. 000022 

9—  8 

— 0. 0000075 

— 0. 0000017 

— 0.000154 

— 0. 000035 

9-  9 

+0. 0000022 

+0. 0000013 

+0. 000047 

+0. 000030 

These  expressions  are  now  transformed  so  as  to  involve  arguments  of  the  general 
form  i^g  +  ig.  The  numerical  data  and  formulae  for  this  transformation  have  already 
been  given  (pages  52,  53). 


Arg=i'tf+t^ 

a' 

A 

(ir 

COB. 

Bin. 

COS. 

sin. 

COS. 

'  sin. 

i'  i 
0  0 

0—  I 

0—  2 
0-  3 

1.0193589 

— 0. 00229724 
— 0. 0000097 
— 0. 0000003. 

—0.00015724 
+0.0000106 
+0. 0000002 

1. 197005 
— 0. 0674075 
— 0. 000131 
—0.000015 

— 0. 0205617 
+0. 000339 
— 0. 000004 

I . 6320 
—0. 2678 
+0. 0050 
— 0.0001 

—0.0857 
+0. 0049 
— 0. 0001 

1+  2 

1+  I 
I  0 
I—  1 
1—  2 

— 0.0000034 
—0.0003305 

+0. 0685447 
—0, 2549706 
— 0. 0066217 

— 0. 0000005 
+0. 0000094 
+0. 0082500 
—0. 1116781 
—0.0034453 

— 0. 000002 
— 0. 006596 
+0. 256952 
—0. 868245 
—0. 008083 

— 0. 000032 
+0.001206 
+0. 030142 
—0. 380300 
+0. 000674 

+0. 0006 
—0. 0353 
+0. 6065 
—1.7890 

+0.0375 

— 0. 0004 
+0. 0070 
+0. 0688 
—0. 7841 
+0. 0490 

I—  3 

— 0. 0002520 

— 0. 0001422 

— 0. 000396 

— 0. 000157 

— 0.0004 

— 0. 0008 
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I—  4 

1-  5 
2+  I 

2  o 

2—  I 
2 —  2 

2—  3 
2—  4 

2-  5 

3+  J 

3  o 

3—  I 
3—  2 
3-  3 
3—  4 
3-  5 

3-  6 

4  o 

4—  I 
4—  2 
4—  3 
4—  4 
4-  5 
4-  6 

4—  7 

5-  J 

5-  2 
5-  3 
5-  4 
5—  5 
5-  6 
5-  7 

5-  8 

6—  1 

6—  2 

6-3 
6 —  4 

6-  6 

6-7 

6—  8 

7-  I 
7—  2 
7-  3 
7—  4 


1 

i 

sin* 

COS. 

sin. 

COS. 

sin. 

— O.OOOOIII 

— 0.0000066 

— 0. 000021 

— 0. 000013 

— 0.  oocx)oo5 

— 0. 0000003 

— 0. 0000282 

— 0. 0000022 

— 0. 000635 

+0. 000044 

— 0.  0042 

+0, 0004 

+0. 0044452 

+0, 0010401 

+0. 026430 

+0. 006126 

+0. 0867 

+0.0197 

—0. 0298780 

— O.OI67I8I 

— 0. 1 00  J  00 

— 0. 091157 

—0. 4540 

—0,  2597 

+0.0375494 

+0.0410484 

-f  0.  2II5I6 

+0.  230997 

+0. 5904 

+0. 6449 

+0. 0019459 

+0. 0024642 

+0. 008547 

+0. 00893  ^ 

+0. 0128 

+0. 0018 

+0. 0000971 

+0.0001350 

+0. 000403 

-\~o.  000464 

+0. 0008 

+0. 0007 

+0. 0000050 

+0. 0000073 

-Lo  nrmn^T 

 (J.  VUVAAJZZ 

— 0, 000060 

— 0.  000001 

— 0. 0005 

0. 0000 

-|-o,  0003181 

-\~0.  0001 1 16 

+0, 002603 

+0. 0009H 

+0. 0109 

+0. 0038 

— 0.  0029513 

—0. 0020680 

— 0. 021534 

— 0.  015454 

—0. 0775 

— 0. 0561 

+0. 0071828 

+0. 0094615 

+0. 053324 

+0. 071090 

+0, 1849 

+0.  2483 

—0. 0037870 

— 0. 01 14790 

— 0. 029953 

— 0. 090367 

— 0. 1062 

— 0.3198 

—0.  0002584 

— 0. 0010272 

— 0.  OOI9&9 

— 0. 006495 

— 0, 0067 

— 0. 0143 

— 0. 0000140 

— 0. 0000706 

— 0. 000107 

— 0. 000413 

— 0. 0004 

— 0. 0009 

— 0, 0000007 

— 0. 0000044 

— 0. 000006 

 0. 000026 

— t-O  OOOO^'J'? 

+0. 000248 

-\-o.  0001 17 

+0. 0012 

-|-0.  0000 

—0. 0002704 

— 0.  0002343 

—0. 002501 

— 0. 002228 

— 0.  0109 

— 0. 0098 

+0. 0009303 

+0.0015075 

+0. 008564 

+0. 014194 

+0. 0355 

+0, 0597 

— 0. 0008631 

— 0. 0036297 

— 0. 008176 

— 0. 035048 

—0. 0337 , 

— 0. 1465 

—0.  0002945 

+0, 0026818 

— 0. 002918 

+0. 027233 

— 0. 0123 

-(  0.  1 172 

—0.  0000574 

-[-0. 0003220 

— 0. 000414 

-f-o.  002030 

— 0.  0008 

+0.  0095 

—0. 0000062 

+0. 0000266 

— 0, 000040 

+0. 000219 

— 0.  0001 

+0. 0006 

— 0. 0000005 

+0. 0000019 

 0. 000003 

_Lo  OOOOI 1; 

— 0. 00002  "26 

— 0. 000264 

— 0. 000291 

— 0.  0013 

— 0. 0015 

+0. 0000993 

+0. 0002037 

+0. 001090 

-|-o.  002308 

+0. 0054 

+0. 01 14 

— O.OOOIOI6 

— 0.  0007178 

— 0. 001098 

— c.  008243 

— 0. 0052 

— 0, 0400 

— 0. 0002050 

+0.0010922 

— 0. 002467 

+0.012925 

— 0, 0123 

+0. 0632 

+0.0003133 

— 0.0005174 

+0, 003878 

— 0. 006467 

+0. 0196 

— 0. 0329 

+0. 0000545 

—0.  0000793 

+0. 000582 

— 0. 000892 

-|-o.  0023 

— 0, 0039 

+0. 0000059 

— 0.  0000075 

+0. 000059 

— 0. 000079 

+0. 0002 

— 0. 0004 

+0. 0000005 

— 0. 0000007 

 0. UOUU020 

—0.  000025 

— 0.  000035 

+0. 0000093 

+0.  0000250 

+0.  ooon8 

+0. 000330 

-|-o.  0007 

+0, 0019 

—0.  000005 1 

— 0. 0001 141 

— 0. 000051 

— 0, 001522 

— 0. 0002 

— 0. 0084 

—0. 0000727 

+0.0002578 

— 0.001014 

+0. 003507 

— 0. 0058 

+0. 0194 

+0.0001823 

— 0.  0002621 

-f-o.  002571 

—0. 003681 

+0.0145 

— 0. 0206 

— 0. 0001 124 

-[-0.  0000741 

-^.001660 

+O.OOU09 

— 0. 0097 

+0. 0065 

—0.  0000235 

-f-o.  0000140 

— 0. 000309 

-{-0.000194 

— 0.0015 

+0.001 1 

— 0. 0000028 

-f-o.  0000015 

— 0.000033 

+0. 000020 

—0.000000165 

— 0. 000000262 

+0. 0000007 

+0. 0000029 

+0.  OOOOII 

-f-o.  000044 

+0. 0000008 

—0.0000158 

-[-0.000016 

—0. 000242 

-f-o.  0001 

— 0. 0015 

— 0.0000180 

+0. 0000469 

— 0. 000286 

-f-o.  000722 

— 0.0019 

+0.0044 
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a' 

/a 

A 

(z 

Y 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 
7 —  K 

-|_o.  oocx>59i 

 0. 0000713 

4-0.  O00Q4O 

— 0. 001 1 22 

-j-0. 0058 

 0. 0069 

7—  6 

— o.  ocx)o767 

4-0. 00004^8 

— 0. 001250 

-|_o,  000744 

—0. 0070 

4-0. 0046 

/  / 

-j-o,  0000292 

 0.  0000037 

-j-0. 000502 

— 0  000060 

— 0.  0006 

7—  8 

+0. 0000073 

— 0. 0000009 

-|-o.  000117 

 0.  000014 

-j-o.  0007 

— 0.0001 

7—  O 

/  y 

+0. 0000009 

— 0.  0000001 

-j-o.  000016 

 0. 000001 

8—  3 

-j-o.  0000002 

— 0. 0000022 

-j-0. 000006 

— 0. 000035 

8—  4 

— 0. 0000037 

-l-O.  000007  ^ 

 0.  060065 

-j-0. 000125 

8—  5 

4-0.  OOOOIA*^ 

— 0. 0000145 

-1-0.  0002^1 

— 0.  000250 

8—  6 

— 0, 0000272 

-1-0. 00001^4 

— 0.  00040^ 

-|-o.  000241 

8—  7 

4-0. 000024^ 

— 0. 0000026 

4-0.  00044Q 

— 0. 000048 

8—  8 

—0. 0000059 

— 0. 0000021 

— 0. 0001 1 8 

— 0. 000040 

8  Q 

—0.0000015 

— 0. 0000004 

— 0. 000029 

— 0. 000008 

9—  4 

—0.0000006 

+0. 000001 1 

— 0. 000013 

-j-0. 000019 

9-  5 

+0. 0000029 

— 0. 0000024 

-|-o.  000056 

— 0. 000045 

9 —  6 

— 0. 0000072 

+0. 0000027 

— 0. 000141 

-j-0. 000054 

9-  7 

+0. 0000096 

— 0. 0000005 

-|-o.  000195 

—0. 000005 

9—  8 

— 0. 0000063 

— 0. 0000021 

— 0. 000129 

— 0.000043 

9-  9 

4-0.0000009 

+0. 0000009 

-|-o.  000019 

+0, 000022 

9 — lo 

-)-o.  0000003 

-|-o.  0000003 

-|-o.  000006 

-fo.  000005 

We  compute  the  following  Besselian  functions,  corresponding  to  the  multiples  of 


half  the  eccentricity  of  Uranus,  by  means  of  the  process  given,  (page  52)  : 

log  Ji^ 

9.9997610 

9.9990432 

9.9978458 

9.9961666 

9.99400 

log  J^* 

8.3702419 

8.6709131 

8.8464064 

8.97051 

9.06634 

log  J?^ 

6.4396^^30 

7.0414338 

7-3932179 

7.64254 

7-83564 

log 

4.3328729 

5-2357835 

5-7637586 

6.13816 

6.4283s 

log 

2.1011862 

3-3051637 

4.0092888 

4.50871 

4.89592 

logJr* 

2.1578731 

2.78229 

3.26648 

Then,  for  the  three  multipliers  of  (—^^  , 

we  have : 

a*^=  [8.8677713]  -  2[7.s495636]  cos  g  —  2[5.63073]  cos  2g  -  2[4.oi29]  cos  sg 
-J  =E  [0.0014320]  —  2[8.67i27i9]  cos  g'  —  2[6.7404o]  cos  2^'  —  2[5.iio5]  cos  sg' 


-7sin(/'  +  770  = 


—  2[9.s77669o]  sin  g' 

—  2[7.94783   ]  sin  2g* 

—  2[6.494i     ]  sin  3p' 

—  2[5.ri39  ]sin4p' 


+  [8.6624013] 

—  2[9.5i353oi]cos  g' 

—  2[7.8836i  ]cos  2g* 
-2[6.4298  ]C0S3^' 

—  2[5.o5oo  ]cos4P' 
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The  products  are: 


o 


i 

o 

—  I 

—  2 

^  3 

+  2 
+  I 

o 

—  I 

—  2 

—  3 

—  4 

2+  2 

2+  I 

2  O 
2 —  I 
2—  2 

2-  3 
2—  4 

2-  5 

3+  I 

3  o 

3—  I 
3-  2 
3—  3 
3—  4 
3-  5 

3-  6 

4  o 

4—  I 
4—  2 
4—  3 
4—  4 
4-  5 
4-  6 

4—  7 

5  o 

5-  I 
5-  2 
5-  3 
5-  4 
5-  5 
5-6 


+0. 088520 
-o.  134538 
+0.000127 
0.000000 

+0.000013 
— O.OOI36I 
+0. 022050 
— o.  064916 
+0.002471 
+0. 000037 
o.  000000 

—0.000134 
+0. 0025 1 1 
— -o.  012658 
+O.OI6I37 
— 0.0001 14 
— 0.000009 

+0.000001 

— o.  000012 
+0. 000266 
—0.001785 
+0.004115 
— o.  002390 
— o.  000041 
o.  000000 
0.000000 

+0. 000027 
— o.  000215 
+0. 000670 
— o.  000623 
~o.  000185 
— o.  000021 

— O.  000002 


— o.  000023 
+0. 000085 
— o.  000076 
— 0.000192 
+0. 000293 
+0. 000029 


—0.015185 
+0. 000098 
0.000000 

— o.  CO0007 

— O.  000002 

+0. 003567 

— o. 028157 
+0.001398 
+0. 000002 
0.000000 

— 0.000015 
+0. 000765 
— o.  007564 

+0.017327 

— o.  000158 
— o.  000008 
0.000000 

— o.  000002 
+0. 0001 1 9 
— O.OOI39I 
+0. 005618 
— o.  006893 
— o.  000161 
— o.  000003 

— O.  000001 

+0. 000016 
— o.  000213 
+0.001178 
— o. 002732 

+0.0021 2 1 
+0.0001 12 

+0. 000005 


— 6. 000029 
+0. 000199 
— o. 000662 
+0.001005 
— o.  000520 
— 0.000044 


COS. 


sin. 


I.1888S9 

— o. 265023 
+O.OOOI3I 
—0.000001 

+0. 000005 
— o.  002946 

+0. 144114 

— o.  860421 
— o.  018055 
— o. 000781 
— o.  000039 

—0.000015 
— o.  000277 
+0.013021 
—o.  118937 
+0. 210087 
+0. 010003 
+0. 000499 
+0. 000026 

— o.  000025 
+0.001 188 

—0.013495 
+0.043179 

— o.  030068 
—0.001856 
—0.000091 
— 0.000004 

+o»  000109 
—0.001388 

+0.005924 

— o.  00675 1 
— o.  002719 
— o.  000593 
—0.000066 
— o.  000006 

—0.000013 
—0.000133 
+0. 000654 
— o.  000700 
— o.  002289 

+0. 003788 

+0. 000665 


— o.  026828 
+0.000178 
— 0.000001 

— o.  000013 
+0. 000033 
+0. 029971 
— o.  376306 

— O.  0102 1 5 

— o.  000527 
— o.  000031 

+0. 000004 
— o.  000029 
+0. 004689 
— o.  072881 
+0. 228385 
+0.013225 
+0.000757 

+0. 000042 

— 0.000004 
+0. 000605 
— O.OI09I5 
+0. 059822 
— o.  089435 
— o.  007823 
— o.  000544 
— 0.000036 

+0. 000071 
— O.OOI44I 
+O.OI067I 
— o.  030542 
+0. 027020 
+0. 003I7I 
+0. 000262 
+0.000019 

—0.000006 
— o.  000176 

+0.001593 

— o.  006505 
+0.01 1529 
— o.  006447 
— o.  000957 
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t'  i 
5-  7 

5-  8 

6—  I 
6—  2 
6-3 
6-4 
6-  5 
6—  6 
6-  7 
6—  8 

—  2 

3 

—  4 

—  5 

6 

—  7 

—  8 

—  9 

8-3 
8-4 
8-5 
8-  6 
8-  7 
8-  8 

8-  9 

9—  4 
9-  5 
9-6 

9-  7 
9-8 

9-  9 
9— lo 


,r2  /a'\3 

"'^  (a) 

tli 

A/ 

COB. 

sin. 

COB. 

Blllt 

+0.  OOO002 

— 0,000003 

+0. 000073 

— 0. 000088 

+0. 000006 

— 0. 000008 

— 0.  OOO002 

—0.000004 

-fo.  000009 

+0. 000029 

+0. 000060 

+0.  000212 

0.000000 

— 0.000125 

+0. 000002 

— 0. 001 109 

— 0. 000084 

+0. 000277 

—0. 000886 

+0.  002864 

-fo.  000200 

— 0. 000287 

+0. 002354 

—0.003339 

— 0. 000130 

+0. 000094  • 

— 0. 001633 

+0.  001 120 

—0.000017 

+0.000010 

—0. 000337 

+0.  000202 

— 0.000001 

0.000000 

—0. 000038 

+0.  000021 

+0. 000001 

+0.000004 

_l_o  rvvviOA 

■4-0  000028 

-fo.  000002 

— 0. 000021 

+0. 000019 

 0,000165 

— 0. 000024 

+0. 000058 

—0. 000235 

+0.  000546 

+0. 000074 

— 0. 000089 

+0. 000808 

—0.000937 

— 0, 000097 

+0. 000059 

— 0. 001153 

+0. 000683 

+0. 000041 

— 0. 000008 

+0. 000497 

— 0. 000076 

+0. 000007 

— 0.000001 

+0.000125 

— 0. 000013 

+0.000001 

0.000000 

+0.000017 

— 0.000001 

0.000000 

— 0. 000003 

+0. 000005 

— 0. 000023 

— 0.000006 

+0.000010 

— 0. 000050 

+0. 000088 

+0,  000021 

— 0. 000019 

+0. 000206 

— 0.000194 

— 0. 000039 

+0.000019 

—0. 000428 

+0. 000203 

+0. 000035 

— 0, 000005 

+0.000417 

—0. 000045 

— 0.  OOOOIl 

— 0. 000003 

— 0.0001 17 

—0. 000037 

— 0. 000002 

— 0,000001 

— 0.000031 

—0.000009 

—0.000001 

+0. 000001 

—0.000010 

+0. 000013 

+0.000004 

— 0,000003 

+0. 000043 

—0. 000032 

— 0,00001 1 

+0, 000004 

— O.OOOII7 

+0, 000043 

+0,000014 

0,000000 

+0.000175 

— 0. 000003 

— 0.00001 1 

— 0. 000003 

— 0.000123 

—0.000041 

+0.000001 

+0. 000002 

+0. 000020 

+0. 000022 

+0. 000006 

+0. 000005 

Arg. 

Bin. 

COB. 

i'  ♦ 
0  0 

0—  I 

0—  2 

0—  3 
0 —  4 

—0.  2030405 
— 0.003162 
—0. 000076 
— 0.000003 

— 0. 040463 
+0. 4277100 
—0.001314 
+0. 000079 
+0. 000008 
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For  the  computation  of  a'p-jH  we  have  (page  63) 


L\J^  lb 

log  I 

=  Q.O'?64.7'?0 

9*3939339« 

log  li 

=  9.0364229 

log  P*' 

9.i485i26« 

log  Pi' 

9.9996414 

log  Qi' 

=  9.9998806 

log  P/ 

S.3697236 

log 

=^.3700426 

logP,' 

6.9159173 

log  Q/ 

=  6.9162760 

log  P4' 

5-53591 

log  Q4' 

=  5-53629 

log  Ps' 

4.1967 

log  Qs' 

=  4.1971 

There  is  then  obtained 


Arg. 

Arg. 

CO8. 

sin. 

COS. 

sin. 

1+  2 

+0. 0000027 

— 0. 0000004 

3-f  I 

+0. 0000007 

0.0000000 

4-0. 0001378 

— 0. 0000080 

3  0 

— 0. 0001334 

—0. 0000585 

I  0 

— 0.0179504 

—0. 0078673 

3-  I 

+0. 0018387 

+0. 0008065 

I—  I 

+0. 2477022 

+0. 1 0863 1 6 

3-  2 

+0.0000444 

+0.0000195 

I—  2 

+0.0059715 

+0. 0026188 

3—  3 

+0. 0000016 

+0. 0000007 

I-  3 

-{-0. 0002159 

+0. 0000947 

4  0 

— 0. 0000099 

— 0. 0000043 

1—  4 

+0. 0000093 

+0.0000041 

4—  I 

+0.0001363 

+0. 0000598 

I-  5 

+0.0000003 

— 0. 0000002 

4—  2 

+0. 0000032 

+0. 0000014 

2+  I 

+0. 0000108 

+0. 0000002 

5-  I 

+0. 0000097 

+0. 0000043 

2  0 

—0.0016835 

— 0. 0007380 

5-  2 

+0. 0000002 

+0. 0000001 

2 —  I 

+0.0232334 

+0.0101892 

+0. 0000003 

2—  2 

+0. 0005600 

+0. 0002456 

6-  I 

+0. 0000007 

2-  3 

4-0. 0000202 

+0. 0000089 

7-  I 

+0. 000000047 

+0. 000000021 

2—  4 

+0. 0000009 

+0.0000004 

The  logarithms  of  the  factors  proportional  to  the  mass  of  Uranus  are 
log    =  0.4249247  log  (}xa  sin  J)  =  7.9456112 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 

The  following  are  the  expressions  for  the  forces  : 


a 

da 

da 

dg 

ar 

dr 

sin. 

COS. 

COS. 

sin. 

i'  i 

// 

// 

// 

O  0 

+0. 10775 

0—  I 

<-v    /vt  A 1  1  I  "> 

 O.  UOU 1 1 1 J 

+0. 0004183 

—0. 0143006 

— 0. 0013396 

O—  2 

 O.  UOOO^IU 

— 0. 0000564 

+0. 000019 

+0. 000092 

o—  3 

 o.  ouuoo^ 

— 0. 000002 

1+  I 

+0. 00051 

0.00000 

— 0.00130 

+0.00001 

I  o 

+0. 02343 

+0. 00322 

X       I—  I 

— 0.  01934 

+0. 00810 

— 0. 06003 

-0. 02555 

I—  2 

+0.00440 

— 0. 00261 

— 0. 00390 

I-  3 

+0. 00038 

— 0. 00018 

— 0. 00026 

I—  4 

— 0.  OOOOi 

+0. 00003 

— 0.00001 

— 0. 00002 

2+  I 

+0.  00005 

— 0.00001 

— 0. 00012 

— 0. 00002 

2  0 

+0.00359 

+0.00187 

2—  I 

— 0.  0170^ 

+0.01737 

— 0. 03982 

—0. 03754 

2—  2 

-|-o.  20276 

— 0. 21971 

+0.  20952 

+0. 22679 

2-  3 

-|-o.  01569 

— 0.01974 

+0. 01092 

+0. 01455 

2—  4 

-|-o.  00104 

— 0.00144 

+0. 00055 

+0. 00084 

2—  5 

-|-o.  00007 

— 0.00010 

+0. 00003 

+0. 00005 

3  o 

+0. 00045 

+0. 00034 

3-  I 

— 0. 00296 

+0. 00336 

— 0. 00676 

— 0. 00777 

3-  2 

+0.03845 

— 0. 05044 

+0. 04252 

+0. 05956 

3-  3 

— 0. 03021 

+0.09I6I 

— 0. 03177 

— 0. 09452 

3-  4 

— 0, 00275 

+0.01093 

— 0. 00207 

— 0. 00882 

3-  5 

— 0. 00019 

+0. 00094 

—0.00010 

— 0. 00063 

3-6 

— 0. 00001 

+0. 00007 

0.00000 

— 0. 00004 

4  o 

+0. 00005 

+0. 00005 

4—  I 

— 0. 00036 

+0, 00046 

— 0. 00084 

— 0.00116 

4—  2 

+0. 00497 

—0. 00803 

+0.00576 

+0. 01062 

4—  3 

— 0. 00689 

+0. 02897 

— 0. 00700 

— 0. 03216 

4—  4 

—0.00313 

— 0. 02854 

—0. 00298 

+0. 02955 

4-  5 

— 0. 00076 

— 0. 00428 

—0, 00068 

+0. 00364 

4-6 

— 0.00010 

— 0. 00042 

— 0.00008 

+0. 00031 

4—  7 

— 0.00001 

—0.00004 

— 0.00001 

+0. 00002 

5—  I 

— 0. 00004 

+0. 00006 

— 0. 00009 

— 0. 00015 

5-  2 

+0. 00053 

—0. 00108 

+0. 00063 

+0.00158 

5-  3 

—0. 00081 

+0. 00573 

— 0. 00069 

— 0. 00682 

5-  4 

— 0. 00218 

— 0. 01 162 

—0. 00252 

+0. 01254 

5-  5 

+0.00417 

+0. 00688 

+0. 00423 

— 0. 00720 

5-  6 

+0. 00087 

+0.00127 

+0. 00077 

—0. 001 1 1 

5-  7 

+0. 0001 1 

+0. 00014 

+0.00009 

— 0. 00010 

5-8 

+0.00001 

+0. 00002 

+0. 00001 

+0.00001 

FIRST  ORDER  PERTURBATIONS  OF  JUPITER  BY  URANUS. 


da 


sin. 

COS. 

COB. 

Bin. 

i'  i 

// 

// 

// 

// 

6—  I 

0.00000 

+0.  00001 

—0.00001 

— 0. 00002 

6-  2 

-f  0. 00005 

—0.00013 

+0. 00006  — 

+0. 00021 

6-  3 

— 0.00004 

+0. 00091 

+0.  00001 

— 0. 001 16 

6 —  4 

— 0. 00077 

— 0, 00274 

— 0. 00097 

+0. 00310 

6-  5 

+0. 00242 

+0.00349 

+0, 00262 

— 0. 00371 

6-  6 

— 0. 00179 

— 0. 001 18 

— 0. 00185 

+0. 00127 

6-  7 

—0.00044 

— 0. 00026 

—0. 00040 

+0. 00024 

6—  8 

— 0.00006 

— 0. 00003 

— 0.00005 

+0. 00003 

7—  I 

— 0. 00000031 

+0.00000064 

7—  2 

0.00000 

— 0.  00002 

0.00000 

+0. 00003 

7-  3 

+0.00001 

+0.00013 

+0. 00002 

— 0.00017 

7—  4 

— 0.00019 

—0. 00050 

— 0. 00026 

+0. 00059 

7-  5 

+0. 00079 

+0. 00095 

+0. 00090 

— 0. 00103 

7—  6 

— 0.00122 

— 0. 00073 

— 0. 00130 

+0. 00077 

7-  7 

+0. 00054 

+0. 00007 

+0. 00057 

— 0.00009 

7—  8 

+0.00016 

+0. 00002 

+0.00015 

— 0.00001 

7—  9 

+0. 00002 

0.00000 

+0, 00002 

0.00000 

8-3 

0.00000 

+0.  00002 

+0.  00001 

— 0. 00002 

8-4 

— 0.00004 

— 0. 00008 

— 0. 00005 

+0. 00009 

8-5 

+0.00019 

+0. 00019 

+0, 00023 

— 0. 00021 

8—  6 

— 0.00043 

— 0. 00021 

— 0.00048 

+0. 00023 

8—  7 

-1-0. 0004.  ^ 

-4-0.  oooo^ 

+0, 00048 

 0. 00005 

8—  8 

— 0.00013 

+0. 00004 

—0.00013 

— 0.00004 

8—  9 

— 0. 00004 

+0.00001 

—0,00004 

—0.00001 

9—  4 

— 0.00001 

— 0.00001 

— 0.00001 

+0. 00001 

9-  5 

+0.00004 

+0. 00003 

+0. 00005 

— 0,00004 

9 —  6 

—0. 0001 1 

— 0. 00004 

—0.00013 

+0. 00005 

9—  7 

+0.00018 

+0.00001 

+0.  00020 

0.00000 

9-  8 

— 0. 00013 

+0.00004 

— 0. 00014 

— 0. 00005 

9_  9 

+0. 00002 

— 0.  00002 

+0. 00002 

+0. 00003 

I 

m 

IZ 

Arg. 

Bin, 

COS. 

i'  i 

// 

// 

0  0 

— 0. 000357 

0 —  I 

— 0. 0017914 

+0. 0037736 

0 —  2 

— 0. 000028 

—0.000012 

ar 


da 

dr 


The  expressions  for  the  three  multipliers,  A,  B,  and  C,  have  already  been  given 
(page  73).  The  resulting  expressions  for  T  and  -  follow :  in  the  latter  the  terms 
having  the  argument  y  are  alone  retained,  as  the  periodic  perturbations  of  the  latitude 
are  quite  insignificant. 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


T. 

Arg— 

sin. 

COS. 

sin. 

COS. 

H     i'  % 

// 

// 

H 

i'  % 

// 

// 

I       0—  I 

— 0. 2141836 

—0. 0000405 

—  I 

3  0 

— 0.  01077 

+0.  OH96 

—  I       O  0 

— 0. 0213460 

+0. 0021751 

0 

3—  I 

+0.  00888 

— 0. 01008 

O       O—  I 

+0.0183339 

— 0.0012549 

3—  2 

— 0.00484 

+0. 00648 

I  0 —  2 

—0.00312 

— 0.00049 

—  I 

3—  I 

+0. 1 1826 

—0. 15634 

—  I       O —  I 

+0. 00031 

— 0.  00022 

3—  2 

-0- 1 1535 

+0. 15132 

O  O —  2 

+0. 00015 

+0.00017 

3—  3 

+0.03893 

— 0. 05484 

I     0—  3 

— 0. 0001 1 

— 0.00004 

3—  2 

— 0. 09603 

+0. 28318 

-  I  1+2 

+0. 00022 

— 0.00006 

3—  3 

+0. 09063 

-0.27483 

0       1+  I 

—0.00153 

0.00000 

3—  4 

— 0. 02840 

+0. 08748 

I       I  o 

+0.00178 

+0.  00010 

3—  3 

— 0. 00470 

+0. 02198 

-  I  1+  I 

+0. 02152 

— 0. 00240 

3—  4 

+0. 00825 

— 0. 03279 

I     I —  I 

— 0. 01965 

+0.00162 

3 —  5 

— 0. 00340 

+0. 01289 

—  I       I  o 

—0. 09839 

+0.04193 

— 

% —  A. 

— 0. 00023 

+0. 00140 

O       I—  I 

+0. 05802 

— 0. 02430 

1   c 

J  J 

+0. 00057 

— 0. 00282 

I        I—  2 

+0. 02129 

— 0. 00989 

— 0. 00024 

+0. 00126 

—  I        I —  I 

— 0. 00867 

+0.01236 

3 —  5 

0  1—2 

+0. 01038 

—0. 01320 

+0.  00003 

— 0.  00021 

^     I—  3 

—0. 00333 

+0. 00442 

3—  7 

JLc%  nnnrn 

—  I        I—  2 

— 0.00040 

+0. 00058 

4+  I 

+0. 00003 

 0.00002 

o  1—3 

+0. 00087 

—0,00114 

4-  I 

+0.00001 

— 0. 00004 

I      1—  4 

—0.00038 

+0. 00050 

—  I 

4  0 

— 0. 00130 

+0.00169 

—  I      I—  3 

— 0. 00002 

+0.00003 

4—  I 

+0.00108 

— 0. 00138 

o  1—4 

+0.00006 

— 0. 00008 

4—  2 

— 0. 00061 

+0. 00100 

I     I —  5 

— 0.00004 

+0, 00003 

—  I 

4—  I 

+0.01539 

— 0. 02530 

—  I  2-1-2 

+0. 00003 

—0.00001 

4—  2 

— 0. 01 49 1 

+0. 02409 

O  2+1 

— 0. 00014 

+0. 00002 

4—  3 

+0. 00518 

— 0. 00973 

I       2  O 

+0.00012 

+0. 00002 

—  I 

4—  2 

— 0. 02 141 

+0. 08951 

-  I  2+1 

+0. 00249 

— 0. 00090 

4—  3 

+0. 02067 

— 0. 08691 

I       2 —  I 

— 0. 00050 

— 0.  001 1 1 

4—  4 

— 0. 00635 

+0. 03003 

—  I       2  0 

— 0. 06519 

+0.06152 

—  I 

4—  3 

— 0. 00862 

— 0. 08964 

0      2—  I 

+0. 05304 

— 0. 0521 1 

4—  4 

+0. 00939 

+0. 08562 

I       2 —  2 

—  0. 02517 

+0. 02927 

4-  5 

— 0. 00319 

— 0. 02703 

—  I       2—  I 

+0.61758 

— 0. 66899 

—  I 

4—  4 

— 0.00191 

— 0. 00950 

O      2—  2 

—0. 60828 

+0. 65913 

4-  5 

+0. 00228 

+0.01284 

I       2—  3 

+0, 1 946 1 

— 0. 21063 

4—  6 

— 0.00083 

— 0. 00487 

—  I       2 —  2 

+0. 02296 

— 0. 03307 

I 

4—  5 

— c.  00021 

— 0. 00071 

o  2-3 

— 0. 04707 

+0. 05922 

4—  0 

+0.  00030 

-\~o.  00120 

I      2 —  4 

+0. 02020 

— 0. 02462 

r— 0.0001 1 

—0. 00054 

  I       2 —  3 

+0.  OOIOI 

— 0. 00169 

—  I 

4—  6 

— 0. 00002 

— 0. 00005 

O  2—4 

— 0.00312 

+0. 00432 

4—  7 

+0.00003 

+0.00012 

I      2—  5 

+0.00159 

— 0. 00209 

4—  8 

— 0.  OOOOI 

— 0. 00005 

—  I  2—4 

+0.00004 

— 0.00009 

5  0 

— 0. 00013 

+0.  00020 

O      2-  5 

— 0. 00020 

+0. 00029 

5—  I 

+0.0001 1 

— 0.00017 

1       2—  6 

+0.  0001 1 

— 0.00014 

5-  2 

— 0.00006 

+0. 00013 

"I  3+1 

+0. 00028 

— 0.00017 

5-  I 

+0. 00165 

— 0. 00348 

I     3—  I 

+0. 00007 

— 0. 00026 

0 

5-  2 

—0.00159 

+0. 00324 

FIRST  ORDER  PERTURBATIONS  OF  JUPITER  BV  URANUS. 


T 

Arg=Ky+i'^'+i^ 

T 

sin. 

COS. 

sin. 

COS. 

H     %'  i 

// 

// 

K     i'  i 

// 

// 

I     5—  3 

-|-o.  00055 

— 0.00144 

I     7—  3 

+0.00001 

—0. 00005 

—  I     5—  2 

— 0. 00247 

+0.01 78 1 

—  I     7 —  2 

+0.00003 

+0.00041 

0  5-3 

+0. 00243 

— 0.  OI7I9 

0  7—3 

— 0. 00002 

— 0.00038 

I     5—  4 

— 0.00061 

+0. 00636 

I     7—  4 

+0.00001 

+0. 00014 

—  I  5-3 

— 0. 00661 

—0. 03602 

—  I  7—3 

— 0. 00062 

— 0.00159 

0  5—4 

-|-o.  00654 

+0. 03486 

0  7—4 

+0. 00057 

+0.00150 

I     5-  5 

—0. 00245 

— O.OII73 

I     7—  5 

—0.00021 

—0.00052 

—  I  5—4 

+0.01282 

+0. 02214 

—  I  7—4 

+0. 00246 

+0. 00301 

0    5—  5 

— 0.01251 

—0. 02064 

0  7—5 

— 0. 00237 

—0. 00285 

I     5 —  0 

+0.00399 

+0. 00641 

I       7 —  D 

+0. 00082 

+0. 00095 

—  I  5—5 

+0. 002 1 1 

+0. 00298 

—  I  7—5 

—0. 00383 

— 0. 00232 

0    5 —  0 

— 0. 00261 

—0.00381 

—     ^  ii 

0       7 —  D 

+0. 00366 

+0. 00219 

I     5—  7 

+0. 00098 

+0. 00140 

— 0.00120 

— 0. 00066 

  J     ^   6 

+0. 00023 

+0,  00026 

-|-0,  OOIoI 

+0. 00032 

0     5 —  7 

—0. 00033 

0     7 —  7 

— u.  uou2 1 

I     5—  8 

-X-O  nooT  1 

I     7—  8 

— |— W.  VAA^^  / 

1  r\  c\r\r\r\A 
— j-y.  \^^J^J^Jt\ 

-^0.  00039 

+0. 00004 

0  5—8 

—0. 00003 

—0. 00005 

0  7—8 

— 0. 00047 

— 0. 00006 

I     5 —  9 

I     7 —  g 

—[-0. 00003 

—  I     6^—  0 

— 0. 00002 

+0. 00002 

—  I  7—8 

-J-O.  ooqxjz 

+0.  OOOOI 

0     6 —  I 

+0.00001 

— 0.00002 

0    7 —  9 

— 0. 00006 

— 0.  OOOOI 

I  6 —  2 

— 0.00001 

— 0. 00002 

I     7 — 10 

— |-y. 

—  I  6 —  I 

+0.00016 

— 0. 00043 

—  I  8-3 

— 0.00013 

— 0. 00026 

^     £  » 
0     0 —  2 

— 0. 00015 

+0.00040 

0  0 —  4 

+0. 00012 

+0. 00023 

I-  6—3 

+0.00004 

— 0. 00020 

I     8—  5 

— 0. 00005 

— 0. 00008 

—  I  6 —  2 

— 0.00012 

+0. 00281 

'—I  8—4 

+0.00060 

+0. 00060 

0  6—3 

+0.00012 

— 0. 00273 

0  8—5 

—0. 00057 

— 0. 00057 

I     6—  4 

+0. 00002 

+0. 00106 

I     8 —  6 

+0. 00020 

+0. 00021 

—  I  6—3 

— 0. 00240 

—0. 00849 

—  I  8—5 

-l-o.  00136 

— 0. 00068 

0  6—4 

+0.00231 

+0. 00822 

0  8 —  6 

+0. 00129 

+0. 00063 

I     6-  5 

— 0. 00093 

— 0. 00291 

I     8—  7 

— 0.00044 

— 0.00021 

—  I  6—4 

+0. 00748 

+0. 01089 

—  I  8—6 

+0. 00144 

+0.00018 

0  6—5 

— 0. 00726 

—0.01047 

0  8—7 

—0. 00135 

— 0.00015 

I  6 —  6 

+0. 00249 

+0.00343 

I     8—  8 

+0.00044 

+0.00003 

—  I     0—  5 

— u.  uu^u^ 

— 0.  oojy9 

—  I      K—  7 

— 0.  00043 

-[-0.  \AXfl£ 

0     6   6 

-j-O.  00537 

-|-o.  00354 

u      0  0 

-|-o.  00039 

— u.  0001  z 

I     6—  7 

^— vJ.  uuiuo 

—0.  UUIUU 

I     8—  9 

— 0.  0001 1 

+0. 00005 

-  I  6—6 

— 0.  001 10 

— 0. 00065 

—  I  8—8 

— 0. 00005 

+0.00001 

0  6—7 

+0.00132 

+0. 00078 

0  8—9 

+0. 0001 1 

— 0. 00003 

I     6-  8 

—0. 00047 

— 0. 00028  , 

I  8—10 

— 0. 00007 

+0. 00002 

—  I  6-7 

— 0.00013 

— 0. 00007 

—  I  9—4 

+0. 00008 

+0. 00006 

0  6-8 

+0.00018 

+0. 00010 

0     9-  5 

— 0.00012 

— 0. 00009 

I     6—  9 

— 0. 00007 

—0. 00003 

I     9-  6 

+0.00009 

+0. 00007 

0     7-  I 

+0. 00000094 

— 0.00000192 

-  I  9-5 

—0. 00036 

— 0. 00009 

-  I  7-1 

+0.000012 

— 0. 000053 

0     9—  6 

+0. 00033 

+0.00012 

0     7—  2 

— 0.00001 

+0. 00005 

I     9-  7 

— 0.00012 

—0.00009 
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T. 

T. 

sin. 

COS. 

sin. 

COS. 

H     i'  i 
—  I  9 —  6 

0  9—7 

1  9—  8 

// 

+0. 00057 
— 0. 00054 
-(-0.00018 

// 

-(-0.00003 
—0. 00003 
-(-0.00001 

K     i'  i 
-  I  9—7 

0  9—8 

1  9—  9 

// 

— 0. 00043 
-|-o.  00039 
— 0.00013 

// 

+0.00009 
—0.00012 
+0.00009 

-  -g^  =— o".ooo89so  cos  (—/')— o",ooi9io3  sin  {—y) 

The  logarithms  of  the  integrating  factors  are  contained  in  the  following  table ; 


log  ^ 

Arg. 

log-  ^ 

9. 888o5« 

i'  i 
7-  5 

9. 3967» 

9.  63940W 

7—  6 

9.  30oo« 

9. 48227 W 

7-  7 

9. 22IOn 

9.367i3« 

7—  8 

9. I542« 

9, 2762IW 
9. 20I07» 

8-3 
8-  4 

9.7280W 
9. 542 1 « 

o.8is68» 

8-  5 

9.4122;} 

9. 93822W 

8—  6 

9.3I24W 

9, 66698« 

8-  7 

9. 23i3« 

9. 5oi29» 

8—  8 

9.  i630« 

9-  381 6S» 

8-9 

9. i040» 

9. 28795« 

9.  2I092W 

9-  4 
9-  5 

9.  5640^ 
9. 4284W 

i.9325« 

9 —  6 

9.  3252W 

9. 99SOW 

9—  7 

9.  2^ign 

9. 6964K 

9-8 

9. 1 720» 

9.  52I2W 

9-  9 

9. iiign 

Arg. 


i'  % 
o—  I 

o —  2 

0-  3 
1+  2 

1+  I 

1  o 

1—  I 
I—  2 

I-  3 

1—  4 

2+  I 

2  o 

2—  I 
2—  2 
2—  3 
2—  4 
2-  5 


i'n'+iM 


o.ooooow 
9, 69897^ 
9. 52388» 

9. 66934 
9.94264 
o.  85020 
o. 066 IO» 

9. 73076W 

9. 5438i« 
9.4i3S5» 
9. 89198 
0.54917 
o.  14411/; 
9.765o7» 
9-5658IW 
9. 42974W 
9. 3263?/ 


Arg. 


i'  i 
3+  I 

3  o 
3-  I 
3-  2 
3-  3 
3-  4 
3-  5 

3-  6 

4  o 

4—  I 
4—  2 
4-  3 
4—  4 
4-  5 

4-  6 

5  o 

5-  I 


i'n'+in 


9. 84662 
o.  37308 
o.  23925« 
9. 8o233» 
9.  58898W 
9.44655W 

9- 33947^ 
9. 2537» 

o. 24814 
o.  361 26» 

9-  84307^ 
9. 61346^ 
9. 46404« 
9- 353o8» 
9. 26478^ 

o.  15123 
0.53156W 


Arg. 


i 

, —  2 
3 

-  4 

-  5 

-  6 

-  7 
6—  I 
6—  2 
6-3 
6-4 
6-5 
6—  6 

6-  7 

7-  I 
7—  2 
7-  3 
7-  4 


In  the  integration  we  put 

fco  =  +  0.''2I42 


Zji  =  —  o-''o328 


^  =  +  o.''oo37 


Idv 

n  dt 

Arg=i'^'+t^ 

COS. 

sin. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

0  0 

—0. 0000263W/ 

0—  I 

— 0. 0213 

— 0. 0022 

+0. 0208 

— 0.0019 

+0. 002 175 1 

— 0. 02i346o«/ 

— 0.  ooio875«/ 

—0. 0106730^/ 

0—  2 

— 0. 0004 

0.0000 

+0.0009 

0.0000 

+0. 00005  24«^ 

— 0. 0005 1 48K/ 

— 0. 00005 24W/ 

— 0. 0005 1 48«/ 

0-  3 

+0.00000 1 8«/ 

— 0. 00001 86«^ 

— 0. 0000027K/ 

— 0.  oooo279«/ 
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ddz 

1 

dt 

n 

dt 

COS. 

sin. 

sId. 

COS. 

t'  t 

ii 

// 

i-l-  I 

— 0.  0I20 

+0. 0007 

— 0. 0069 

— 0. 0003 

I  0 

— o. 04146 

— 0. 00386 

^.^175 

— 0. 00024 

+0. 7753 

+0. 330s 

—0. 3422 

+0. 1458 

I   2 

+0, 01 1 1 

— 0.0016 

— 0.0124 

+0. 0007 

I—  3 

-I-0.0004 

0.0000 

—0.0006 

0.0000 

24-  I 

— 0. 0003 

+0. 0001 

— 0, 0002 

0. 0000 

2  0 

— 0. 00293 

+0. 00051 

+0. 00036 

—0.  0008 1 

2 —  I 

+0.  2918 

+0.  2754 

— 0. 1210 

2   2 

+0.5838 

+0.6315 

— 0. 4000 

+0. 4325 

-|-o.  0230 

+0. 0268 

—0, 0247 

+0. 0291 

2—  4 

+0.0010 

+0. 001 1 

— 0. 0016 

+0.0018 

— 0.0002 

+0. 0003 

0, 0000 

 0.  OOOI 

+0. 0381 

+0.0421 

— 0.0138 

+0.  0x56 

•I —  2 

+0. 1475 

+0. 1968 

-0.0955 

+0. 1264 

•J  O 

— 0. 0287 

—0. 0910 

+0. 0216 

— 0. 0710 

3—  4 

— 0. 0015 

—0. 0062 

+0.0018 

— 0. 0068 

3-  5 

—0.0001 

—0.0004 

+0,0001 

— 0, 0006 

4. —  I 

+0. 0045 

+0. 0056 

—0.0012 

4-0.  0017 

4 —  2 

+0. 0272 

+0.0452 

—0.0168 

4 —  3 

— 0. 0073 

—0. 0339 

+0, 0056 

—0. 0256 

4 —  4 

— 0. 0019 

+0.0164 

+0. 0018 

+0. 0140 

4—  5 

— 0.0004 

+0.0016 

+0. 0003 

+0.0018 

+0.0006 

+0. 0008 

— 0.0001 

•5 —  2 

+0. 0046 

+0. 0099 

—0, 0027 

-4-0  ooc6 

—0.0009 

—0. 0078 

+0. 0007 

—0.0015 

+0.0075 

+0. 001 1 

+0.  0062 

+0.0017 

— 0. 0027 

— 0.0014 

— 0, 0023 

5—  6 

+0.0003 

— 0.0004 

— 0. 0002 

— 0.0004 

0   I 

+0. 00007 

+0.00016 

— 0.00001 

0.  00000 

6—  2 

+0.0009 

+0, 0026 

— 0. 0005 

+0. 0014 

6—  3 

0.0000 

— 0. 0013 

0.0000 

— 0.  0010 

— 0. 0006 

+0. 0019 

+0. 0004 

+0. 001 5 

6—  5 

+0.001 1 

— 0. 0016 

— 0. 0010 

 0013 

6—  6 

— 0. 0006 

+0. 0004 

+0. 0005 

+0. 0003 

6-  7 

—0.0001 

+0. 0002 

+0.0001 

0.0000 

+0. 000081 

+0. 000165 

7—  2 

+0. 0010 

+0. 0045 

— 0. 0005 

+0. 0023 

7-  3 

0. 0000 

— k).  0002 

0.0000 

— 0.  0002 

7—  4 

— 0.0002 

+0. 0004 

+0.0001 

+0.0004 

7-  5 

+0.0004 

— 0. 0005 

—0.0003 

—0.0004 

7—  6 

— 0. 0005 

+0. 0003 

+0.0004 

+0. 0003 

7—  7 

+0. 0002 

— O.OOOI 

— 0. 0002 

0.0000 
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y 

u 
cost 

sin. 

COS. 

COS. 

sin. 

sin. 

cos. 

i"  i 

// 

// 

// 

// 

o—  o 

-0.0353 

— 0. 00002 63 

-j-O.  OOOOQ4o/2£ 

0 —  I 

0.  OCX)0 

0.  0000 

+0,  OIOI 

+0. 0008 

— — o,  002175^'^^ 

—0. 02 1 340owt 

— 0. 0010875*^^ 

+0.  oio6730«/ 

— 0. 0019103/// 

— 0, 0008950/// 

O—  2 

j_o  0002 

 0001 

+0.  oooz 

0. 0000 

-j-O,  UUU^^y4K* 

— 0. 0000461/2/ 

— 0. 0000216/// 

,  ft  nntWifi'in/ 

— 0.  0000009//^ 

-Lq.  00000Q'2«/ 

— 0. 0000017/// 

— 0, 0000008/// 

1+  I 

— 0.  0105 

— 0. 0006 

+0. 0000 

— 0.  OOO3 

I  0 

— 0.  2936 

+0. 0273 

+0,  01  24 

— 0.  0017 

I —  I 

— 0. 902  s 

4-n  -jSaS 

-*o. 3985 

— 0.  1698 

I—  2 

^-Oi  0060 

—0^  0009 

— 0. 0067 

— 0. 0004 

 0001 

0.  0000 

 0002 

0.  0000 

2+  I 

—0.  0002 

— 0,0001 

+0.  0002 

0. 0000 

2  0 

—0.  0104 

—0.  0018 

— 0. 0013 

— 0.  0029 

2 —  I 

~— 0.  4066 

"t-o.  3537 

—0.  lOoO 

— 0.  i6xo 

2 —  2 

— 0. 2700 

4-0.  2676 

— 0,  2329 

— 0.  2518 

z —  3 

— 0.  0085 

J-O. OOQQ 

0091 

— — 0.  0107 

2 —  4 

 0, 0003 

J_n  0007 

— 0. 0004 

— 0. 0005 

3  0 

— 0. 0005 

 0.  0007 

0. 0000 

— 0.  0002 

3—1 

 0661 

-Lrt  rt'T'jn 

— 0. 0239 

— 0, 0271 

3—  2 

—0.  0936 

J_0. 1240 

— 0*  ODOD 

' — 0. 0S02 

-J   -J 

+0.  01 1 1 

 0.  OlKl 

"3 JO 

-4-0  0276 

O  *r 

-{-0.  0004 

— 0. 0017 

-l-O.  000? 

A-O.  OOIQ 

4 —  I 

—0. 0103 

+0.  0129 

— 0. 0028 

— 0. 0039 

4 —  2 

"~o.  019^ 

+0.0315 

— 0. 01 17 

— 0.  0190 

4—  3 

— 0.  0139 

+0. 0023 

+0. 0105 

4 —  4 

~\-o*  0006 

— 0.  0041 

-|-0.  0001 

-|-0. 0004 

 0004 

5—  I 

— 0.  0020 

+0. 0027 

— 0, 0003 

— 0.  0003 

— 0. 0036 

+0.  0076 

— 0.  0022 

— 0. 0043 

5—  3 

-^-0. 0004 

— 0.0034 

+0. 0003 

+0. 0025 

5—  4 

-j_o,  0005 

+0.0003 

— 0, 0019 

5 —  5 

— 0. 0004 

 0006 

— 0.  0003 

+0, 0005 

O—  I 

— 0. 0005 

+0.0010 

— 0.  0001 

0,  0000 

2 

— 0. 0008 

+0. 0023 

— 0. 0004 

— 0. 0012 

6—  3 

0.0000 

—0.0006 

0. 0000 

+0. 0005 

o —  4 

4-0.  0002 

+0.0006 

+0. 0002 

— 0. 0007 

6—  5 

—0.0003 

— 0. 0004 

— 0. 0003 

+0. 0004 

6—  6 

-fo.  0001 

+0.0001 

+0.0001 

— 0. 0001 

7—  I 

—0. 0069 

+0, 0141 

7 —  2 

— 0.0010 

+0.0045 

— 0. 0005 

— 0. 0022 

7—  3 

0. 0000 

—0.0001 

0.0000 

+0.0001 

7—  4 

+0.0001 

+0,0001 

0.0000 

+0.0001 

7-  5 

— 0.0001 

— 0.0001 

—0.0001 

+0.0001 

7—  6 

+0.0001 

+0.0001 

+0,0001 

—0.0001 
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PERTURBATIONS  OF  SATURN  BY  NEPTUNE. 

In  determining  the  action  of  Neptune  on  our  two  planets  it  will  not  be  necessary 
to  go  beyond  terms  of  the  first  order  with  respect  to  disturbing  forces.  Following 
the  previous  custom,  no  accents  will  be  given  to  quantities  pertaining  to  Saturn,  and 
a  single  one  to  those  belonging  to  Neptune. 

The  elements  of  Neptune  employed  are  the  following :  * 

Epoch  1850,  Jan.  0.0,  Greenwich  M.  T. 

Ij'  =  335    53^-91  ^  =0.0084962 

^' =  43  17  30-3  =7S64".935 

^'  =  130    7  31-83  log  a'  =  1.4781414 

t'  =     I  47    1.68  m'  =  j^ff^ 


These  elements  include  the  efi'ect  of  the  4000-year  inequality  produced  by  the 
action  of  Uranus.  Also,  log  a'  includes  the  constant  term  of  the  perturbations  of  the 
logarithm  of  the  radius  vector.  As  the  similarly  corrected  log  a  of  Saturn  is  0.9796819, 
we  have  here  log  a  —  9.5015405. 

The  coefficients  of  the  terms  of  the  developments  of  the  reciprocal  of  the  distance 
between  Saturn  and  Neptune  and  its  odd  powers  are  then  functions  of  the  following 
six  elements : 

o    '  // 

logo:  =9.5015405  J   =     o  57  51,54 

e  =0.05605688  U  =192    9  3,80 

^  =  0.0084962  77'  =  145  19  5.10 

77  and  It  are  measured  from  the  ascending  node  of  the  orbit  of  Neptune  on  that  of 
Saturn.  The  developments  will  be  made  first  in  terms  of  the  eccentric  anomaly  of 
Saturn. 

*  An  Investigation  of  the  Orbit  of  Neptnne,  with  General  Tables  of  its  Motion,   By  Prof,  S.  Newcomb,  p.  76, 
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The  values  of  the  auxiliary  constants  are 


0 

It 

log  Jc 

=  9-9999973 

K 

=  313 

10 

7.33 

logh 

=  9-9999413 

Ki 

=  313 

9 

55-30 

logp 

=  0.0030502 

P 

=  117 

>9 

1.88 

log  V 

=  9.8021937 

V 

=  313 

7 

S.68 

log  w 

=  9.8023874 

w 

=  195 

S3 

27.92 

log  Wi 

=  9.SoiggsS 

w, 

=  i9S 

48 

30.74 

=  6.1993090 

D  =  1.1002373  —  [8.2302547]  cos  £'+  [5.85845]  cos'  €*+  [8.7486289]/cos  F 

The  circumference  will  be  divided  into  twelve  parts  vffitii  reference  to  the  mean 
anomaly  of  Neptune.    For  five  points  of  the  division  we  nave 


30- 
60 
90 
120 
150 


30^ 
60 
90 
120 
150 


14'  42^.72 

25  24  .11 

29  12  .40 

25  II  .22 

14  29  .83 


We  get  the  following  table  of  values  of  D,  log^  and  F: 


9" 

D 

log/ 

0 

0 

t 

M 

0 

1. 1080847 

9. 8038257 

313 

S7 

23.41 

30 

I. 1201363 

9. 8067290 

313 

58 

0.  76 

60 

I. 1268758 

9. 8081619 

313 

44 

49.  23 

90 

I. 1265486 

9.S077789 

313 

23 

27.53 

120 

^•^^93373 

9. 8059257 

313 

0 

32. 53 

150 

I. 1072172 

9. 80331 18 

3^2 

41 

4.  IS 

180 

1.0933864 

9. 8006159 

312 

28 

10. 54 

210 

1.0814585 

9. 7983207 

312 

24 

18. 35 

240 

1.074584s 

9.7968135 

312 

31 

35.97 

270 

1.0746535 

9.  7965143 

312 

50 

18.03 

300 

I. 081 7412 

9.  7977580 

313 

16 

27.68 

I- 0939957 

9. 8004464 

313 

41 

50.59 

s 

6. 6040099 

8. 8131007 

1878 

58 

59. 36 

6. 6040098 

8. 8131011 

1878 

58 

59.41 
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Employing  the  same  procedure  as  in  the  preceding  chapter,  we  have  the  follow- 
ing table  of  values  of  log  g  a"^^ : 


^  6  ^0 

log  i  of'* 

log  iol** 
^  6^ 

log  1  cL^^ 
^  6^ 

log  I  a^'^ 

log  i  a!'^ 
^  6  ^ 

(0) 

9- 2315543 

8-4357231 

7. 8122246 

^  

7- 2335367 

6. 6756563 

6. 1 298182 

(') 

9. 2288883 

8. 4308073 

7. 8050982 

7. 2242096 

6.  6641326 

6. 1161000 

(2) 

9.  2273S07 

0. 427<>32<> 

7.  5000522 

7. 2183586 

0. 0505491 

0. 1073554 

(3) 

9.2273991 

8.4275301 

7.  8000639 

7. 21 74261 

6.  6556030 

6. 1058260 

(4) 

9.  2289570 

8. 4302584 

7.  8039425 

7. 2224499 

6. 6617699 

6. 1131350 

is) 

9. 231693s 

8.4356442 

7.8119314 

7. 2330302 

6.6749369 

6. 128S863 

(6) 

9. 2349179 

8. 4423421 

7.8220415 

7. 2465368 

6.6918337 

6. 149 1699 

(7) 

9. 2377498 

8.  4482880 

7. 8310455 

7. 2585846 

6. 7069196 

6. 1672911 

(8) 

9- 2393674 

8.4515017 

7. 8358261 

7. 2649249 

6.7148166 

6. 1767431 

(9) 

9. 2392929 

8. 4510133 

7.83493IS 

7. 2636260 

6.  7131142 

6. 1746376 

(10) 

9. 2375690 

8. 4472532 

7.8291720 

7. 2558765 

6.  7033784 

6. 1629176 

(") 

9. 2347227 

8. 4416289 

7.  8208196 

7.  2448086 

6. 6896001 

6. 1464315 

S 

5- 3997463 

80. 63491 13 

76.  9038889 

73.4416834 

70. 1043040 

66.8391692 

S^ 

5- 3997463 

80. 63491 18 

76.  9038901 

73.4416851 

70. 1043064 

66. 8391725 

(o) 

(0 

(2) 

(3) 
(4) 
(S) 
(6) 
(7) 
(8) 
(9) 
(10) 

(") 

S 


log^a^^> 


5.591837 
5.575927 
5. 565782 
5- 563909 
5.572360 
5.590696 

5. 614363 
5.635518 

5-646523 
5.644014 
5.630312 
5. 611122 

63.621177 
63. 621 186 


logX^^ 


5.05938 
5.04127 
5.02970 
5.02752 

5.03713 
5.05803 
5.08510 
5. 10926 
5.12183 

5.  "893 
5. 10324 
5.08134 

60. 43638 
60. 43635 


4. 5309 

4. 5106 

4.4975 
4.4950 

4. 5058 

4. 5294 

4.  5599 
4.5871 
4.6012 

4. 5979 
4.5802 

4.5556 

57.2755 
57.2756 


,(») 


9.3190254 
9. 3I03II8 
9. 3053264 
9. 3052807 
9. 3103224 

9.3193733 
9. 3301657 
9. 3396806 
9. 3450617 
9. 3447009 
9. 3388572 
9.3294120 

5.9487588 
5.9487593 


log^ 


6^ 


,(5) 


8. 9783566 
8. 9676166 
8. 9613088 
8. 9609735 
8. 9670706 
8. 9785081 
8. 9924249 
9. 0047361 
9. 01 15486 
9.0108168 
9. 0031462 
8. 9912057 

3.9138557 
3.9138568 


,(») 


8.5691675 
8.5562958 

8. 5485976 
8. 5479578 

8.5551646 

8.  5691 124 
8. 5863178 
8. 6015746 
8. 6098959 
8. 6087730 
8. 5991772 
8. 5846085 

1.4683206 
1. 4683221 


8. 1327836 
8.1177519 
8. 1086449 
8. 1076966 
8. I 160277 
8. 1325192 
8. 1530576 
8.1713003 
8.1811513 
8. 1796319 
8. 16S0842 
8. 1508514 

88. 8597493 
88. 8597513 
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log^ai" 

/  

log^«<') 

logi.l»> 

log'«^> 

logI<' 

(0) 

0) 

(2) 

(3) 
(4) 
(5) 
(6) 

\U 

(8) 
(9) 

(") 

7.681733I 
7. 6645296 
7.  6540062 

7. 6527477 
7. 6622091 
7.6812582 
7.7051480 

7. 7377828 
7. 7358646 
7. 7223540 
7. 7024422 

7.22I493I 

7. 2021 1 18 
7. 190168I 

7. 1885985 

7. 199I932 

7, 2208070 

7. 2480577 

7.  272114.^ 

7. 2852466 
7. 2829285 

7*  2074493 

7. 2448507 

6.754952 

6.  733389 
6.  720023 
6. 718141 
6. 729870 

6.754053 
6. 784671 
6. 81 lOdi 
6. 826422 
6. 823703 
fi  Sofia CI 
6. 780961 

6.28383 

6. 26008 
6. 24529 
6. 24309 
6. 25595 
6. 28270 
6. 31670 
6. i±6oS 
6. 36302 
6.35990 

6.31247 

5.8093 
5. 7834 

5- 7671 
5. 7646 

5- 7785 
5.8079 

5.8452 
5.8786 
5.8962 
5. 8926 
5.8712 
5.8405 

9.48476 

9. 46928 

9. 46037 
9. 46015 

9. 46903 

9.48524 
9. 50472 

0. C2I02 

9.53158 
9.53081 
9. 52018 
9. 50324 

9-  30965 
9. 29264 
9. 28273 
9. 28229 
9.  29196 
9.31000 
9.33183 

0.  ^^11 A 

9.  36188 
9.  36083 
y. 0^""* 
9. 33000 

s 

S' 

86. 1632332 
86. 1632357 

83.4116080 
83. 4II6I08 

80. 622189 
80. 622190 

77.  80526 
77.80522 

74.9675 
74. 9675 

6. 97064 
6. 97064 

5.92687 

5. 92690 

log'<' 

logi«l" 

log^«<»> 

log'«i'> 

iog^4'> 

(0) 

(0 

(«) 

(3) 
(4) 
(5) 
(6) 
(1) 

(8) 
(9) 

(10) 

(") 

9.02547 
9. 00651 
8. 99537 
8. 99465 
9.00531 
9. 02559 
9. 05044 

9.  08445 
9-  08307 
9-06933 
9.04815 

8. 68717 
8. 66618 

8.65374 

8.  65271 
8. 66440 
8. 68717 

8.71511 
8. 7^000 
8.  75340 
8. 75168 
8. 73606' 
8.71237 

8.31656 

8. 29338 
8. 27969 
8. 27829 
8. 29097 
8.  31610 

8.34757 
8.  %7^oS 
8. 39001 
8. 38800 
8. 37052 
8.34427 

7.92414 
7. 89886 
7. 88403 
7.88227 
7.89581 
7. 92390 
7.95831 

7. 08804 
8. 00521 
8.00303 

7;  98343 
7.  95462 

7.51682 
7.48884 
7.47342 
7.47089 
7.  48486 
7.51477 
7.55430 
7.58678 
7. 60417 
7,  60221 
7.  58088 
7.  54964 

7.0977 
7.0675 
7.0507 
7. 0478 
7, 0630 
7^0955 
7. 1383 
7. 1738 
7. 1928 
7.  1904 
7. 1671 

7.1331 

6. 6697 

6. 6373 
6.6191 
6.615$ 
6. 6322 
6.6673 
6.7134 

6. 7SI0 
6. 7725 
6. 7697 
6.  7444 
6. 7077 

S 

4.  23037 
4.  23034 

92. 20988 
92.  21001 

89.99532 
89. 99512 

87.  65093 
87.65162 

85.21445 
85.21313 

82. 7096 
82. 7081 

80.1513 
So.  1499 

i 
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The  values  of  the  coefficients  A  for  the  development  of  [D— /cos  (^— F)]"5  are 


<• 

A[" 

A^ 

A<" 

A<-> 

A<*» 

8 

8 

8 

8 

8 

8 

8 

8 

(0) 

+ 

17043325 

+  1893009 

+  1963249 

— 

2363s 

+  648539 

-127497 

+ I 14274 

—  47261 

(I) 

I6939OI9 

1872055 

I940813 

23018 

'637993_ 

124727 

III9I4 

46026 

(2) 

16880322 

1851866 

1934686 

27631 

631345 

I 24321 

108992 

45205 

(3) 

1688IO35 

1838527 

1944800 

35425 

630055 

126060 

106427 

44963 

(4) 

I 694 I 700 

1837025 

1969346 

44214, 

635174 

129654 

105093 

45453 

(S) 

17048788 

1848624 

20044^4 

52362 

646415 

134662 

IO54I2 

46691 

(6) 

17175838 

1869708 

2042604 

58556 

661219 

I4OI3I 

107172 

48420 

(7) 

I 7288 I 99 

I 893 I 50 

2072893 

61303 

674934 

144444 

109700 

50090 

(8) 

17352713 

I9II637 

2084238 

59085 

682662 

145856 

112243 

51087 

(a\ 
W 

17349737 

1920786 

2071478 

51548 

681858 

143575 

1 1A  Ofifi 

51068 

(10) 

I 728 1004 

I9I980O 

2039070 

40623 

673571 

138437 

H5436 

50144 

(") 

+ 

17168119 

+  1909907 

+  1998787 

30088 

+  661257 

-132428 

+  115492 

—  48731 

S 

-l- 1. 02674902 

+  1 1283045 

+  12033193 

—253742 

+3932510 

— 8o<;8q6 

+663210 

—287570 

S' 

-f  1.02674897 

+ I 1283049 

+  I2O33I95 

—253744 

+3932512 

— 8o<;8q6 

+6632 II 

— 287569 

A, 

A**' 

A<'> 

a 

8 

8 

8 

8 

8 

8 

8 

g 

(0) 

-  3449 

—  8628 

-10362 

+  426 

-  3884 

+  907 

—  701 

+  336 

+  49 

(I) 

3325 

8369 

10032 

407 

3744 

869 

673 

321 

47 

(2) 

3964 

8012 

9989 

481 

3648 

864 

033 

310 

55 

(3) 

5072 

7671 

IOI96 

614 

3612 

886 

592 

305 

70 

(4) 

6359 

7451 

10623 

773 

3655 

933 

562 

308 

88 

(S) 

7615 

741 1 

1 1 230 

936 

3783 

1002 

550 

321 

107 

(6) 

8644 

7544 

II9II 

1078 

3971 

1076 

558 

341 

126 

(7) 

9175 

7795 

12462 

1160 

4162 

1 148 

581 

361 

137 

(8) 

8910 

8101 

12651 

"35 

4283 

1172 

615 

376 

135 

(9) 

7766 

8401 

12366 

989 

4293 

1 140 

655 

378 

118 

(10) 

6070 

8630 

II717 

767 

4199 

1065 

689 

369 

91 

00 

—  4444 

-  ?7i9 

—  10966 

+  555 

—  4046 

+  977 

-  707 

+  353 

+  65 

S 

—37396 

-^?366 

—67253 

+4660 

—23640 

+6017 

-3758 

+2040 

+544 

— 373^^7 

—48366 

— 67252 

+4661 

—23640 

+6022 

-3758 

+2039 

+544 
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_3 

For  the  development  of  [D— /cos  (fc— F)]  2  they  are 


k  (t) 

Ai"> 

Ai'> 

*  It) 

Ai" 

(0) 

7 

+  2084613 

8 

+  6603683 

8 

+  6848712 

13504 

7 

+  370578 

7 

-IOIO99 

7 

+  90614 

7 

—  47927 

(1) 

2043204 

6443588 

6680254 

12980 

359760 

97612 

87584 

46068 

(2) 

2019884 

6325364 

6608250 

15464 

353331 

96567 

84660 

44910 

(3) 

20 I 967 I 

6279330 

6642298 

19824 

352592 

82665 

44669 

(4) 

2043254 

6323061 

0778509 

24934 

358191 

101476 

82253 

45499 

(5) 

2086283 

6452269 

6996058 

29936 

369566 

106840 

83633 

47376 

(6) 

2138778 

6635239 

7248813 

34029 

384257 

I I 2994 

86418 

49927 

(7) 

2186153 

6817625 

7464919 

36142 

397915 

I 18145 

89726 

52388 

2213409 

6941484 

7568230 

35"9 

405766 

I 20269 

021;  C2 

(9) 

22II57I 

6970797 

7517678 

30624 

405075 

1 18^2'7 

94173 

53815 

(10) 

2182OI3 

6904765 

7333733 

23921 

396633 

I  I'^OQQ 

94308 

52384 

(11) 

+  2135069 

+  6770006 

+  7085054 

17466 

+  383848 

—106665 

+  93024 

—  50193 

s 

+  1,2681951 

+  39733596 

+42386247 

—14697 1 

+2268756 

-645504 

+530805 

—294508 

S' 

+  1.2681951 

+39733615 

+42386261 

—146972 

+2268756 

-645504 

+530805 

—294509 

A<-> 

K 

Ai" 

A  («) 

■^8 

A  (*) 

^8 

7 

s 

8 

8 

8 

• 

8 

(0) 

—  3498 

— I0656I 

-127975 

+  6203 

-  56540 

+  15211 

—"755 

+  6378 

+  936 

(0 

3328 

I 0201 8 

122297 

5844 

53807 

14387 

1 1 147 

6010 

873 

(2) 

3939 

96950 

120862 

6867 

52032 

I4I9O 

10397 

5760 

IOI8 

(3) 

S039 

92813 

123369 

8763 

SI517 

14555 

0720 

5669 

1296 

(4) 

6365 

90839 

I 295 14 

11113 

52525 

15443 

9302 

5774 

1040 

(5) 

7726 

91581 

138772 

13629 

55IOI 

16803 

9234 

6093 

2041 

(6) 

8913 

94724 

149561 

15951 

58782 

18427 

9506 

6567 

2423 

(7) 

9596 

99273 

I587I4 

17407 

62475 

19838 

10036 

7070 

2680 

(8) 

9394 

104003 

162417 

17174 

64817 

20427 

IO718 

7410 

2666 

(9) 

8183 

107804 

158679 

14955 

64935 

1 986 1 

1 1406 

7456 

2321 

(10) 

6341 

109779 

149055 

11504 

62968 

18384 

1 1903 

7219 

1774 

(") 

—  4577 

—109364 

-137554 

+  8212 

—  59828 

+  16637 

—  12035 

+  6812 

+  1253 

S 

-38450 

—602856 

-839384 

+68812 

—347664 

+  102082 

-63581 

+39108 

+  10465 

S' 

—38449 

—602853 

-839385 

+68810 

—347663 

+  10208 1 

-63578 

+39110 

+ 10464 

f 


PERTURBATIONS  OF  SATURN  BY  NEPTUNE.  1 67 


_6 

For  the  development  of  [D— /cos  (f— F)]  2  they  are 


0 

A*'* 

a;«> 

6 

6 

6 

6 

6 

ft 

6 

6 

+  30532 

+■141 61 

+14686 

— 

386 

+  10597 

-  3623 

  2067 

AW/ 

29463 

I3OI9 

I4I20 

366 

3451 

^oa6 

i960 

200O5 

13259 

13052 

433 

9884 

3388 

20*70 

(3) 

28850 

I3I59 

13920 

554 

9862 

3434 

2900 

1886 

(4) 

29446 

13360 

14323 

703 

10099 

3587 

2908 

1936 

(5) 

30566 

13842 

15009 

856 

10572 

3832 

2999 

2044 

W 

3I9O& 

14496 

15837 

991 

11188 

41 22 

71  C2 
0*  J-* 

2IQ2 

(7) 

33260 

I5I37 

16574 

1069 

1 1765 

4375 

3323 

2333 

(8) 

34008 

15552 

16955 

1047 

12101 

4492 

3457 

2418 

(9) 

33948 

15606 

1 683 1 

913 

12073 

4417 

3515 

2415 

[lO) 

33*27 

15304 

16256 

706 

11709 

4183 

~r  3*^*59 

-l- 14770 

+15457 

-  508 

+  11161 

-  3886 

—  2200 

s 

+  1.87946 

+86132 

+91909 

-4266 

+65578 

—23395 

+  19223 

— 12840 

S' 

+  1.87946 

+86133 

+919II 

-4266 

+65577 

—23395 

+  19222 

—12838 

A<*> 

6 

6 

6 

6 

6 

6 

6 

6 

  1  ct 

DO/ 

—  645 

+  36 

—  327 

+  99 

—  77 

4-  7 

14^ 

Co7 
j"/ 

608 

33 

306 

90 

72 

6 

166 

47  y 

597 

39 

295 

91 

66 

AO 

(3) 

213 

458 

609 

50 

292 

93 

62 

40 

9 

(4) 

271 

452 

644 

63 

299 

99 

60 

41 

12 

(5) 

333 

462 

700 

79 

318 

109 

60 

44 

15 

391 

486 

767 

94 

346 

122 

63 

4.8 

18 

(7) 

427 

517 

826 

104 

372 

133 

67 

S3 

20 

(8) 

422 

546 

852 

103 

389 

138 

72 

56 

20 

(9) 

367 

566 

833 

90 

390 

134 

77 

56 

17 

(10) 

282 

571 

775 

68 

375 

123 

80 

54 

13 

(") 

—  201 

—  560 

-  705 

+  48 

-  351 

+110 

—  80 

+  50 

+  9 

S 

-1683 

—3071 

— 4280 

+403 

—2031 

+672 

—418 

+285 

+77 

S' 

-1683 

—3070 

—4281 

+404 

— 2029 

+669 

—418 

+286 

+76 

i68 
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n 

The  corrections  to  pass  from  the  development  of  [D— /cos  (e — F)]  '  to  that  of 
are  so  small  that  it  is  deemed  unnecessary  to  give  the  expressions  tor  the  former 

quantities,  but  we  pass  immediately  to  (^^^  and  (^^y^ 


%'  t 

0  o 

a—  I 

o—  2 

0—  3 

1+  2 

1+  I 

1  O 

1—  1 
I —  2 

I—  3 

1—  4 

2+  I 

2  O 

2—  I 
2—  2 

2-  3 
2—  4 

2-  5 

3+  I 

3  o 

3-  I 
3—  2 
3-  3 
3—  4 
3-  5 

3-  6 

4  o 

4—  I 

4—  2 

4-  3 
4—  4 
4-  5 

4-  6 

5-  I 
5-  2 
5-  3 
S-  4 
5-  5 
5-6 

5-  7 


1.0267490 
— o.  0031008 
+0, 0000625 
" — o.  0000003 

— o.  0000004 
+0. 0002016 
— o. 0039807 
-f-o.  2256609 
— o.  0005044 
+0.00001 10 
— o.  0000001 

+0. 0000043 
— o.  0001730 
+0. 0044940 
— o.  0050749 
+0. 0001437 


+0, 0000048 
— 0.0001257 
+0. 0026027 
— O.OI6II78 
-f  0.0001 148 
— o.  00000x6 


+0.0000003 
— o.  0000170 
+0. 0006156 

—0.0057514 

+0. 0000322 
— o.  0000005 

— o.  00000x4 
+0.0000183 
— o.  0000456 
— o.  0009673 
+0. 0000008 
— o.  oooooox 


sin. 


+0. 0000839 
+0.0000001 
+0.0000001 

— 0.0000012 
+0. 0002385 
— o.  0140587 
+0. 2406638 
— 0.0008631 
+0. 0000139 
— 0.0000001 

— 0.0000046 
+0.0001609 
— o.  0048541 
+0. 0786501 
—0.0003109 
+0. 0000053 


+0. 0000019 
— 0.0000449 
+0. 0000998 
+0.0132642 
— o.  0000269 
+0. 0000007 


+0. 0000032 
— o.  0000645 
+0. 0007381 
— o.  0007479 
+0. 0000244 
—0.0000003 

+0.0000013 
— o.  0000241 

+0. 0003394 
—0.0013450 
+0. 0000139 
— 0.0000001 


I. 2681946 
— o.  0272078 
+0. 0007300 
— o.  0000093 

— o.  0000046 
+0. 0007387 
— o.  0163039 
+0. 7946716 
— o.  0095635 
+0. 0002308 
— o.  0000034 

+0. 0000367 
— o.  001 1676 
+0. 0252693 
— o.  0293938 
+0. 0001228 
— o.  0000035 
— o.  0000002 

— o.  000001 1 
+0. 000050  X 
— o.  0012236 
+0. 02I9IIO 
— o.  1 291000 
+O.OOIS373 
— o.  0000359 
+0.0000004 

+0.0000001 
+0. 0000074 
— o.  0002713 
+0. 00704 II 
—o.  0589015 
+0. 0006986 
— 0.0000164 

+O.OOOOOXX 

—0.0000188 
+0. 0002167 

—0.0003340 

— o.  0120572 
+0. 0001083 
— o.  0000029 


+0.0087021 
— o.  0001262 
+0. 0000041 

— o.  0000241 
+0. 0013937 

—0.0575499 

+0. 8477242 

—0.0073459 

+0. 0002017 
— o.  0000021 

— o.  0000368 
+0.0012326 

-0-0327933 
+0.4537504 

— o.  0048500 
+0.0001 197 
—0.00000x5 

— 0.0000006 
+0.0000174 
— o.  0003071 
— 0.0009048 
+0.  X0616X0 

— O.OOIIIXI 

+0. 0000280 
— o, 0000005 

—0.0000015 
+0. 0000397 
— o.  0007x94 

+0.0073737 

— o, 0076895 
+0.0001979 
— o.  0000036 

— o.  0000005 
+0.0000x79 
—0.0003515 
+0.0043736 
—0.0167875 
+0. 0002509 
— o.  0000054 
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a' 

A 

COS. 

sin. 

00s. 

sin. 

i'  i 
6-  3 
6-  4 
6-  s 
6—  6 
6-  7 
6—  8 

— 0.  ocxxx)o8 
-|-o.  0000128 

-fo.  0000932 
— 0. 0000032 

— 0. 0000002 
— 0. 0000006 

-Ln  <vwifi86 

—0. 0004728 
-fo.  0000033 

—0. 0000149 
-f  0. 0002016 

 0. 00X4138 

-fo.  0013761 
— 0. 0000456 
-|-o.  0000008 

— 0. 0000029 
—0. 0000272 
-f  0. 001 1020 
—0. 0069533 
-[-0. 0000905 
— 0. 0000021 

7—  4 
7-  S 
7-  6 

7 —  7 
7-  8 

— 0.  0000002 
-f  0.  0000036 

— 0. 0000401 
-f  0. 0001204 
— 0.0000016 

—0.0000004 
-f  0. 0000039 
— 0. 0000086 
— 0. 0000752 
—0.0000001 

—0. 0000035 
-f  0. 0000697 
— 0. 0006964 
-fo.  0020415 
— 0. 0000360 

— 0. 0000072 
-fo.  0000628 
— 0.0001170 
— 0. 001 27 16 
-f  0. 0000087 

8-  5 
8—  6 
8-  7 
8-  8 

-f  0.0000001 
— 0.0000001 
— 0. 0000071 
-f  0. 0000408 

— 0.0000001 
-fo.  0000021 
—0.00001 19 
-f  0. 0000109 

-|-o.  0000017 
—0.0000007 
— 0.0001478 
-f  0. 0007822 

— 0. 0000036 
-f  0.0000413 
—0. 0002268 
-f  0. 0002093 

These  expressions  are  now  changed  into  others  in  which  e  is  replaced  by  g ;  the 
formulae  and  numerical  data  for  this  transformation  have  already  been  given  (pages 
52,  53). 


A 

COS. 

sin. 

COS. 

sin. 

i'  ♦ 

0  0 

1.0268359 

I. 2689572 

0 —  I 

— 0. 0031007 

-f  0. 0000838 

— 0. 0272166 

-fo.  0087058 

0—  2 

— 0. 0000245 

-f  0. 0000024 

—0. 0000325 

-fo. 0001 175 

0-  3 

— 0.0000004 

-f  0. 0000002 

— 0.0000004 

-[-0. 0000073 

0—  4 

— 0.0000001 

-fo.  0000004 

1+  3 

-[-0.0000001 

— 0. 0000003' 

1+  2 

-f  0.0000019 

-f  0. 0000020 

-{-0.0000044 

-|-o.  0000026 

-fo.  0001 1 28 

+0. 0001439 

-[-0. 0004265. 

-fo.  001 06 1 2 

1  0 

— 0.  OI03II3 

— 0. 0208108 

— 0. 0385980 

— 0. 0813494 

I —  I 

-fo.  2255119 

-f  0.2405231 

+0. 7945833 

-f  0.8474697 

I—  2 

-fo.  00581 13 

-f  0. 0058732 

-fo.  01 26855 

-f  0.0163834 

I-  3 

-f  0. 0002480 

-f  0. 0002485 

-f  0. 0006296 

-f  0. 0007868 

I—  4 

-f  0.0000124 

-|-o.  00001 24 

-f 0. 0000325 

-[-0. 0000414 

I-  5 

-|-o.  0000007 

-f  0. 0000007 

-|-o.  0000018 

-f  0. 0000024 

2-f  2 

-f  0.0000006 

— 0. 0000007 

2+  I 

-|-o.  0000025 

— 0. 0000033 

-f  0. 0000270 

— 0. 0000272 

2  0 

— 0. 0002990 

+0. 0002971 

— 0. 0018768 

-fo.  0021527 

2—  I 

-f  0.0047751 

— 0. 0092579 

-f  0. 0268967 

— 0. 0581990 

2—  2 

— 0. 0049454 

-fo.  0782935 

— 0. 0286047 

-fo.  4518156 

2—  3 

^.0001354 

-f  0.0040783 

— 0. 0014899 

-f  0. 0204783 
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a' 

A 

if}' 

COS.  * 

sin. 

COS. 

sin. 

i' 

i 

2 — 

4 

-j-O.  OOOZZ^yf 

 U.  OOUOoj/ 

-\-o.  001 1300 

2 — 

c 

— O.  O0CXXX)2 

+0.  0000132 

— 0. 0000052 

+0.  0000661 

2— 

6 

O.OOOOOOO 

+0.  0000008 

— 0. 0000003 

+0. 0000039 

3+ 

I 

— 0. 0000008 

— 0. 0000004 

3 

o 

4-0, 0000083 

+0.  0000032 

+0. 0000844 

+0. 0000260 

3 — 

I 

— 0. 0002904 

— 0. 0000349 

— 0. 0026025 

—0.0001311 

3— 

2 

+0. 0039446 

 O.OOIOI55 

+0.0326512 

— 0. 0098267 

3— 

3 

— 0. 0158714 

+O.OI3I79I 

— 0. 1271383 

+0. 1054850 

3 — 

4 

—0,0012251 

+0.  OOIO819 

—0.0091958 

+0. 0077667 

3— 

5 

—0. 0000827 

+0.0000753 

-  0. 0006163 

+0. 0005255 

3— 

6 

—0. 0000054 

+0.  0000050 

— 0. 0000408 

+0. 0000348 

3— 

7 

— 0.0000003 

+0.  0000003 

— 0. 0000027 

+0. 0000023 

4 

o 

— 0. 0000001 

— 0. 0000026 

4— 

I 

-fo.  0000021 

+0.  0000077 

+0.0000318 

+0. 0000888 

4 — 

2 

— 0. 0000867 

 0.0001285 

— 0. 0010463 

—0. 0013591 

4— 

3 

+0.0012530 

+0.  0008129 

+0.0135606 

+0. 0081418 

4— 

4 

—0. 0056325 

— 0. 0006804 

—0.0576734 

—0. 0070069 

4— 

s 

— 0. 0006032 

— 0. 0000547 

— 0. 0058103 

— 0. 0006159 

4— 

6 

— 0. 0000496 

— 0.0000036 

— 0. 0004666 

— 0. 0000452 

4— 

7 

— 0.0000038 

— 0. 0000003 

— 0. 0000350 

— 0. 0000032 

4— 

8 

— 0. 0000026 

— 0. 0000003 

5— 

+0. 0000025 

— 0. 0000019 

5— 

2 

— 0. 0000029 

+0. 0000045 

—0. 0000370 

+0. 0000622 

s— 

3 

+0.0000175 

— 0. 0000694 

+0. 0001805 

— 0. 0009354 

s— 

4 

+0.0000912 

+0. 0005205 

+0.0013684 

+0. 0066298 

5— 

5 

—0. 0009535 

— 0.0012834 

—0.0118753 

—0. 0160168 

s— 

6 

— 0. 0001332 

— 0.0001691 

— 0. 0015631 

— 0. 0020339 

5— 

7 

— <3.  0000131 

—0.0000159 

—0.0001488 

—0.0001885 

s— 

8 

— o.ooooou 

— 0.0000013 

— 0.0000125 

— 0. 0000160 

6— 

2 

+0. 0000020 

0.  0000000 

6— 

'I 
■J 

— 0. 0000028 

+0. 0000004 

— 0. 0000459 

+0. 0000080 

6— 

4 

+0. 0000270 

— 0. 0000146 

+0. 0004077 

— 0.  0002459 

6— 

5 

— 0.0001098 

+0. 0001459 

— 0. 0015937 

+0. 0022366 

6— 

6 

+0. 0000778 

— 0. 0004506 

+0.0011529 

—0. 0066235 

6— 

7 

+0.  OOOOIIO 

— 0. 0000739 

+0. 0001638 

— 0, 0010444 

6— 

8 

+0. 0000010 

— 0. 0000081 

+0. 0000160 

— 0. 0001 123 

Iz 

3 

+0,  0000009 

+0.  0000012 

4 

—o.ooooou 

— 0.  OOOOOIO 

— 0. 0000205 

— 0.0000164 

5 

+O.OOOOII8 

+0. 0000042 

+0. 00021 17 

+0. 0000629 

6 

— 0,0000618 

+0. 0000066 

— 0. 0010628 

+0.  OOOI4II 

7 

+0. 0001095 

— 0. 0000736 

+0.0018577 

— 0. 0012434 

8 

+0. 0000208 

—0. 0000147 

+0. 0003435 

— 0. 0002371 

8- 

4 

— 0.0000001 

+0.0000010 

8- 

5 

0.0000000 

— 0. 0000007 

— 0. 0000008 

— 0.0000137 

8— 

6 

+0. 0000021 

+0. 0000045 

+0. 0000427 

+0. 0000874 

8— 

7 

— 0.0000158 

— 0.0000136 

— 0. 0003143 

— 0. 0002574 

8— 

8 

+0. 0000374 

+0. 0000081 

+0. 00071 5 1 

+0. 0001563 
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The  expressions  for  the  two  factors  by  which  (^^ymust  be  multipUed  are 


Jain  (/  + 710  = 


The  products  are 


19.6526918! 

—  2[7.628i9o8]  cos  g'  +  2[7.4505092]  cos  (—  g) 

—  2[4.9553     ]  cos  2g'  +  2[5.5968     ]  cos  {-zg) 

+  2[4.044i     ]cos(— 3<;) 

-  [7.8604435] 

—  2[9-6i3993i]  sin  g'  +  2[9.454o858]  cos  g' 

—  2[7.242i8    ]  sin  2g^  +  2[7.o8227    ]  cos  zg* 

—  2  [5.0465     ]  sin  3^'  +  2  [4.8866     ]  cos  ^g' 


1 

1 

^8in(/+il')  (1)' 

COB. 

sin. 

sin. 

cos. 

i'  i 
0  0 

-|-o.  0570160 

+0.013258 

0 —  I 

— 0. 0068999 

-fo.  0002754 

—0. 122353 

+0,567232 

0 —  2 

— 0. 0000325 

-fo,  0000025 

—0. 003952 

+0, 010369 

0—  3 

— O.OOOOOII 

-f  0.0000003 

— 0. 000185 

+0, 000505 

1+  z 

— 0. 0000005 

— 0.0000004 

— 0. 00008 

— 0.00006 

-f  0. 0000581 

-f  0.0001562 

— 0.01182 

+0. 00629 

1  0 

— 0. 0024662 

— 0.0043117 

+0. 15198 

— 0, 22056 

I—  I 

-fo.  0275617 

+0. 0295937 

+0,02166 

+0, 00201 

I—  2 

—0. 0009115 

—0.0015739 

—0. 19389 

+0,  II675 

I—  3 

— 0. 0000213 

— 0. 0000506 

— 0.00917 

+0, 00512 

I—  4 

— 0.0000006 

—0. 0000023 

—0, 00050 

+0. 00028 

2+  2 

+0. 0000003 

— 0. 0000002 

2+  I 

+0. 0000033 

— 0. 0000124 

+0. 00051 

+0, 00012 

2  0 

— 0.0001682 

+0.0013487 

— 0. 05101 

+0, 00229 

2 —  I 

4-0. 0025682 

— 0. 0277736 

-fo.  57359 

—0,08621  ' 

2—  2 

— 0. 0106082 

+0. 1636826 

+0, 02389 

+0. 00678 

2—  3 

—0. 0001487 

+0, 0079848 

— 0, 07902 

— 0. 02243 

2—  4 

— 0.0000012 

+0. 0004384 

—0, 00585 

— 0. 00170 

2-  5 

-fo.  0000002 

+0. 0000254 

— 0,00041 

— 0.0001 1 

2—  6 

+0.0000001 

+0. 0000010 

3+  I 

— 0.0000004 

0.0000000 

3  0 

-f  0.0000404 

+0. 0000057 

+0. 00005 

+0.00152 

3—  I 

— O.OOIIIII 

+0. 0001  iSo 

—0.01385 

—0. 02796 

3—  2 

-|-o.  0124610 

— 0. 0055267 

+0. 17770 

+0. 13955 

3—  3 

-0. 0491933 

+0. 0406944 

+0.00943 

+0. 01358 

3—  4 

-0. 0036343 

+0.0032734 

—0.01303 

— 0.02541 

3-  5 

— 0. 0002429 

+0, 0002272 

—0.00135 

—0. 00259 

3-6 

— 0.0000158 

+0.0000152 

— 0.0001 1 

— 0, 00020 

3-  7 

— O.OOOOOII 

+0,0000010 
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COS. 


81D. 


i 

o 

—  I 

.—  2 

—  -  3 

—  4 

—  5 

—  6 

—  7 

—  8 

—  I 

—  2 

—  3 

4 

—  5 

—  6 

—  7 

—  8 

6-  2 

6-3 
6-  4 
6-  5 
6—  6 
6-  7 
6—  8 

3 

—  4 

—  5 

—  6 

'—  7 

—  8 

8—  4 
8-  5 
8—  6 
8-  7 
8—  8 


— 0.0000003 
-f  o.  0000209 
— o.  0005291 
-fo.  0058429 
— o.  0230505 
— o.  0024204 
— 0.0001969 
—0.0000148 
— 0.0000012 

+0,0000009 
— 0,0000105 
-fo.  0000194 
-fo,  0007797 
— o.  0048298 
— o,  0006722 
— o.  0000659 
— o,  0000057 

-f  o,  0000010 
— 0.0000186 
-f  0.0001600 
— o,  0006073 
-f  o.  0004864 
+0, 0000640 
-fo,  0000058 

-fo,  0000005 
— o,  0000098 
-f  o.  0000931 
— o.  0004461 
-f  o.  0007789 
+0,0001461 

+0. 0000001 
— o.  0000012 
+0. 0000218 
— o.  0001392 
+0. 0003003 


— o,  000001 1 
+0. 0000329 
— o,  0004864 
+0. 0027851 
— o.  0028491 
— o. 0002033 
— o.  0000120 
— o.  0000006 
0.0000000 

— 0.000001 1 
+0. 0000294 
— o.  0004030 
+0, 0027024 
— o.  00655 1 1 
— o.  0008468 
— o.  0000787 
— 0.0000067 

— 0.0000003 
+0. 0000067 
— o,  0001252 
+0. 0009807 
— o.  0027402 
— 0.0004447 
— o. 0000486 

+0, 0000005 
— o.  0000058 
+0. 0000173 
+0. 0000845 
— o.  0005169 
—0.0001030 

+0. 0000005 
— 0.0000060 
+0. 0000359 
— o.  0001030 
+0. 0000665 


— o,  00084 
+0, 00598 

+0.00757 
—0.00135 

+0. 00329 
+0. 00040 
+0.00004 


+0,00091 
—0.0 1 56 1 
+0. 08205 
+0. 00849 
— 0,00904 
— 0.001 19 
— o.  0001 1 


For  the  computation  of  a'^H  we  have  (page  63) 


log  h  = 

log  ^1  =  9.3359062 


log  I  =  9.3637S35« 
log    =  9.3644536« 
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We  have  then 


Arg=»'^'-|-t^ 

—a' 

COS. 

sin. 

COS. 

sin. 

i'  i 

i'     <  ^ 

I  +  2 

—0. 0000022 

— 0. 0000019 

2—  I 

— 0. 0036830 

— 0. 0039265 

i  +  i 

— 0.0001080 

— 0. 0000975 

2  —  2 

— 0. 0001032 

— 0.0001099 

I  0 

-|-o.  0182556 

+0.0194612 

2  —  3 

— 0. 0000043 

— 0. 0000046 

— 0. 2167446 

— 0.  2310759 

2  —  4 

— 0. 0000002 

— 0.0000002 

I  —  2 

—0. 0060702 

— 0. 0064716 

3  0 

+0.0000044 

+0. 0000047 

1—3 

— 0. 0002550 

— 0.0002718 

3—1 

— 0. 0000528 

— 0. 0000563 

1—4 

—0.0000127 

—0.0000135 

3  —  2 

—0.0000015 

— 0.0000016 

1-5 

— 0.0000007 

— 0. 0000007 

3  —  3 

— O.OOOOOOI 

— O.OOOOOOI 

2+1 

— 0. 0000018 

— 0.0000017 

4—1 

— 0. 0000007 

— 0. 0000008 

2  0 

-fo.  0003102 

-l-o.  0003307 

In  addition 

a" 

— sin  (/+7r)  =  +0.82229  sin  —  0.56900  cos  g' 
+0.01397  sin  2g^  —  0.00967  cos  2g^ 
+0.00020  sin  3<;'  —  0.00014  cos  351' 

The  logarithms  of  the  factors  which  depend  on  the  mass  of  Neptune  are 
log    =  0.5211900  log  {/xa  sin  J)  =  8.2488067 


The  expressions  for  the  forces  are  then 


dn 

dn 

dfl 

a— — 
dg 

ar 

dr 

dZ 

Arg=ri'^'+t^ 

sin. 

COS. 

COS. 

sin. 

siu. 

COS. 

i'  % 

// 

// 

// 

// 

// 

// 

0  0 

+0. 189316 

+0. 000235 

0—  I 

—0. 010295 

— 0. 000278 

— 0.0229x0 

+0.000914 

+0.0100593 

— 0.0021698 

0 —  2 

— 0.  000163 

—0.000016 

— o.oooioS 

+0. 000008 

+0.000184 

— 0. 000070 

0-  3 

— 0.000004 

— 0. 000002 

— 0. 000004 

+0.  OOOOOI 

— 0. 000009 

— 0.000003 

1+  2 

+0. 000002 

+0.000001 

— 0. 000002 

— 0.000001 

1+  I 

—0.000016 

+0.000154 

+0. 000193 

+0. 000519 

+0.0001 12 

— 0.  0002IO 

I  0 

— 0.008189 

— 0. 014317 

— 0.0039 11 

+0. 002695 

I—  I 

+0. 0291 11 

—0,031368 

+0.091516 

+0, 098263 

+0. 000035 

+0. 000380 

I—  2 

— 0.001719 

+0. 003974 

—0. 003027 

— 0. 005226 

+0. 002070 

— 0. 003438 

I-  3 

— 0.000070 

+0. 000232 

— 0. 000071 

— 0.000168 

+0. 000089 

— 0. 000163 

I-  4 

— 0. 000004 

+0.000015 

— 0. 000002 

— 0. 000008 

0.000000 

— 0. 000009 

2+  I 

— 0. 000002 

— 0.000017 

+0.00001 1 

— 0.000041 

0.000000 

+0.000009 

2  0 

-0.000558 

+0. 004478 

+0. 000041 

— 0. 000905 

2—  I 

+0. 003626 

+0.043777 

+0. 008527 

— 0. 092219 

— 0.001529 

+O.OIOI72 
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da 

dr 

dZ 

sin. 

coa. 

COB. 

Bin. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

// 

// 

2—  2 

—0.033527 

— 0.  5 1 9201 

—0.035223 

+0. 543491 

+0.000120 

+0. 000424 

2—  3 

— 0. 001392 

—0. 0405  79 

— 0.  000494 

+0. 026512 

—0.  000398 

— 0,001401 

2—  4 

— 0. 000066 

 0. 002986 

— 0.000004 

+0.001456 

— 0. 000030 

—0. 000104 

2-  5 

— 0. 000003 

— 0. 000219 

+0.000001 

+0. 000084 

0,000000 

— 0. 000007 

3—  6 

0.000000 

 0. 000016 

0.000000 

+0. 000003 

3  o 

+0.000134 

+0. 000019 

+0. 000027 

0.000000 

3-  » 

— 0. 001140 

+0.  000303 

—0.  003689 

+0. 000392 

— 0. 000496 

— 0. 000246 

3-  2 

+0.026185 

+0. 006754 

+0.041375 

— 0. 018351 

+0. 002474 

+0. 003151 

3—  3 

— 0. 158099 

—0.  131279 

—0. 1 63341 

+0. 135I22 

+0. 000241 

+0.000167 

3—  4 

— 0. 01 627 1 

—0.  014369 

— 0.012067 

+0. 010869 

— 0.  000451 

— 0.000231 

3-  5 

—0. 001373 

— 0. 001250 

— 0. 000810 

+0.000754 

— 0. 000046 

— 0. 000024 

3-  6 

— 0. 000108 

— 0. 000100 

— 0. 000052 

+0. 000050 

3-  7 

— 0. 000007 

—0. 000007 

—0.000004 

+0. 000003 

4  0 

— 0, 000001 

— 0. 000004 

4—  I 

+0, 000005 

—0. 000023 

+0. 000069 

+0. 000109 

+O.O00OI5 

— 0.000015 

4—  2 

— 0. 000576 

+0.000853 

— 0. 001757 

— 0. 001615 

— 0. 000277 

+0. 000106 

4—  3 

-fo.  01 248 1 

— 0. 008097 

+0.019401 

+0. 009248 

+0. 001455 

+0,000134 

4—  4 

— 0. 074808 

+0. 009034 

—0. 076537 

— 0. 009460 

+0. 00015 1 

— 0, 000024 

4-  5 

— 0. 010014 

+0. 000908 

— 0. 008037 

—0. 000675 

—0. 000160 

+0. 000059 

4-  6 

— 0. 000988 

+0. 000072 

— 0. 000654 

— 0. 000040 

— 0. 000021 

+0. 000007 

4—  7 

— 0.000088 

+0. 000007 

— 0.000049 

— 0. 000002 

4-  8 

— 0. 000004 

0. 000000 

5-  2 

— 0.000019 

— 0. 000030 

^.000035 

+0. 000098 

5-  3 

+0.000174 

+0. 00069  ^ 

+0. 000064 

—0.001338 

5-  4 

4-0. 001211 

 0. 0069 1 2 

+0. 002589 

+0. 008973 

5-  5 

— 0.015831 

— 0. 016037 

— 0. 021752 

5-6 

— 0. 002654 

— 0. 002232 

— 0. 002812 

5-  7 

— 0. 000304 

_1_0  000770 

— 0. 000219 

— 0. 000261 

5—  8 

— 0. 000029 

+0.  000035 

— 0.000019 

—0. 000022 

6-  3 

— 0. 000028 

 Q    00000 /I 

— 0. 000062 

+0. 000022 

6-  4 

+0. 000359 

+0.000531 

— 0. 000416 

6-  S 

— 0. 001823 

 0,  002423 

— 0. 002016 

+0. 003255 

6—  6 

+0.001550 

+0. 008976 

+0. 001615 

— 0. 009098 

6—  7 

+0. 000256 

+0. 001718 

f-o.  000213 

— 0. 001477 

6   g 

+0. 000026 

+0.  000215 

+0. 000019 

— 0. 000161 

7—  4 

— 0.000015 

+0.000013 

— 0. 000033 

— 0.000019 

7—  5 

+0.000196 

 0.000070 

-^-o.  000309 

7 —  " 

— 0. 001 23 1 

 0.  OOOI3I 

— 0. 001481 

+0. 000281 

7—  7 

+0. 002546 

+O.OOI7II 

+0. 002586 

—0.  OOI7I6 

7—  S 

+0.000553 

+0.  000390 

+0. 000485 

— 0. 000342 

8-  5 

0.000000 

+0.000012 

— 0.000004 

— 0. 000020 

8—  6 

+0. 000042 

— 0. 000090 

+0. 000072 

+0.000118 

8-  7 

— 0. 000367 

+0. 000316 

—0. 000462 

— 0. 000342 

8—  8 

+0. 000994 

— 0. 000215 

+0. 000997 

+0. 000221 
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The  expressions  by  which  these  forces  must  be  multiplied  in  order  that  we  may 
obtain  T  and  i  ^  have  already  been  given  (page  74),  and  the  resulting  developments 
are 


T 

Arg=Kr+iV'+iSL 

T 

sin. 

COB. 

sin. 

COS. 

K     i'  i 

// 

// 

H     i'  i 

it 

// 

I  0 —  I 

—0,  37621 

+0. 00003 

— I     2 —  4 

0. 00000 

— 0. 00019 

— I     0  0 

—0.0329355 

—0. 0014737 

0     2 —  5 

+0. 00001 

+0. 00066 

0     0 —  I 

-|-o.  03088 

+0, 00083 

1     2   6 

— 0. 00001 

— 0, 00042 

I  0 —  2 

—0. 00823 

+0, 00036 

-I     3+  I 

+0.00004 

0,00000 

— I     0 —  I 

-fo.  00037 

— 0. 00003 

I     3—  I 

+0.00013 

—0.00001 

0  0 —  2 

-fo,  00049 

+0. 00005 

-130 

—0. 00439 

+0. 00066 

I     0—  3 

— 0,  00032 

0. 00000 

0     3-  I 

+0, 00342 

— 0.00091 

— I  0 —  2 

-fo.  00001 

0.00000 

I     3-  2 

—0, 00343 

— 0. 00047 

0  0—3 

-l-o.  00001 

+0,00001 

-I     3-  I 

+0, 08492 

+0. 02437 

I     0—  4 

—0,00001 

0.00000 

0  3-2 

-0,07855 

— 0, 02026 

-I     i-f  2 

-fo.  00006 

+0. 00005 

I     3-  3 

+0, 03787 

+0, 01 740 

0     1+  I 

-f  0. 00005 

— 0. 00046 

-I     3-  2 

— 0, 48361 

—0.  39943 

I     I  0 

-|-o.  00001 

+0, 00043 

0     3 —  3 

+0. 47430 

+0. 39384 

—  I     1+  I 

— 0. 00480 

+0. 01068 

I     3 —  4 

—0. 15090 

—0. 12563 

I     I —  I 

+0.00153 

— 0, 00717 

— I     3 —  3 

—0.02713 

— 0. 02509 

— I     I  0 

-|-o.  14961 

— 0, 16060 

0     3—  4 

+0. 04881 

+0. 043 1 1 

0     I —  I 

—0.08733 

+0. 09410 

*     3 —  5 

— 0. 02017 

— 0.01760 

I     I —  2 

—0. 03279 

+0, 03447 

— I     3 —  4 

— 0,00162 

— 0.00155 

— I     I —  I 

— 0, 00799 

+0. 01484 

0     3 —  5 

+0.00412 

+0. 00375 

0     I —  2 

-fo,  00516 

— 0. 01 192 

I     3—  0 

— 0.00197 

— 0.00177 

I     I—  3 

— 0. 00214 

+0. 00456 

— I     3 —  5 

— 0.00010 

—0.  00009 

—  I     I —  2 

— 0, 00006 

+0. 00022 

0     3 —  0 

+0. 00032 

+0. 00030 

0  1—3 

-fo,  00021 

— 0.00070 

*     3—  7 

— 0, 00018 

— 0.00015 

I     I—  4 

— 0.00013 

+0.00035 

—140 

+0.00004 

— o.ooon 

 1        2-|-  2 

0,00000 

— 0, 00003 

0     4—  I 

— 0.00001 

+0. 00007 

0       2+  I 

-fo.  00001 

+0, 00005 

I     4—  2 

+0. 00007 

— o.ooon 

I       2  0 

-f  0.00001 

+0, 00006 

—I     4—  I 

— 0. 00217 

+0. 00286 

-I       2+  I 

 Ci  0002Q 

 0,  00172 

0  4—2 

_Lo  0017"? 

—0.  00256 

I       2 —  I 

— 0, 00019 

— 0, 00425 

I     4—  3 

— 0.00169 

+0. 00149 

—  I       2  0 

-fo.  01386 

+0. 15007 

—I     4—  2 

+0, 04020 

—0, 02503 

0       2—  I 

— 0.01088 

—0, 13I33 

0  4-3 

—0.03744 

+0, 02429 

I       2—  2 

-f  0.00445 

+0. 08363 

I     4—  4 

+0. 01826 

—0, 00853 

—  I       2—  I 

— 0. 10276 

-1.58983 

-I     4-  3 

— 0. 22822 

+0. 0285 1 

0       2—  2 

-f  0, 10058 

+1.55760 

0  4-4 

+0.  22442 

— 0. 02710 

I       2—  3 

— 0, 031 8 1 

— 0, 49060' 

I     4-  5 

— 0. 07174 

+0, 00850 

—I       2—  2 

-f  0. 00044 

— 0. 05033 

—I     4—  4 

— 0. 01 98 1 

+0,00150 

0  2—3 

+0.00418 

+0. 121 74 

0     4-  5 

+0. 03004 

— 0. 00272 

I       2—  4 

—0. 00225 

— 0. 05367 

I  4-6 

— 0.0II8I 

+0.  ooin 

—I       2-  3 

+0.00006 

— 0. 00249 

-I     4-  5 

—0.00145 

+0, 00007 

0       2—  4 

+0. 00020 

+0, 00896 

0     4—  6 

+0. 00296 

— 0. 00022 

I       2-  5 

— 0.00015 

— 0, 00466 

I     4—  7 

—0.00134 

+0.0001 1 

176*  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


Arff=«v+i'o'+tflr 

T 

T 

Bin. 

COB. 

sin. 

COB. 

«            t'  i 

'  // 

// 

X       %  i 

// 

// 

—I     4—  6  . 

—0.0001 1 

0.00000 

I     6-  7 

+0. 00144 

+0. 00861 

0  4—7 

+0. 00026 

— 0. 00002 

—  I  6—6 

-fo.  00054 

-fo.  00393 

I     4—  8 

— 0. 00014 

-f  0.00001 

0     6-  7 

— 0. 00077 

— 0. 00515 

—I     5—  I 

— 0. 00007 

— 0.00015 

I     6—  8 

-f  0. 00030 

+0.00I9I 

0     5—  2 

-(-0. 00006 

-f-o.  00009 

-I     6-  7 

-fo.  00004 

+0. 00039 

I     5-  3 

— 0. 00003 

— 0.  00010 

0  6—8 

— 0. 00008 

— 0. 00064 

—I     5 —  2 

-f  0. 00048 

-f  0. 00233 

I  6 —  9 

-fo.  00003 

+0. 00029 

0     S—  3 

— 0. 00052 

— 0. 00207 

—I     7—  3 

— 0. 00004 

+0. 00005 

I     5—  4 

-f  0. 00005 

+0.00126 

0  7—4 

+0.00004 

— 0.00004 

—I     S-  3 

-f  0.004U 

— 0. 02168 

I     7-  S 

— 0.00004 

+0. 00002 

0  5—4 

—0. 00363 

-f  0. 02074 

—I     7—  4 

+0. 00063 

— 0.  00021 

I    s-  S 

+0. 00251 

— 0. 00847 

0     7-  5 

— 0. 00059 

+0. 00021 

—I     s—  4 

— 0. 04S00 

-f  0. 06536 

I     7—  6 

+0. 00029 

— 0. 00005 

0     s-  s 

-f  0. 04749 

— 0. 06392 

—I     7-  5 

—0. 00383 

—0. 00043 

I     5—  6 

— 0.01526 

-|-o.  02041 

0  7-6 

+0. 00369 

+0. 00039 

-I     s-  s 

— 0. 00580 

-I-0.0072I 

I     7-  7 

— 0. 00142 

— 0,00027 

0     s—  6 

-|-o.  00796 

— 0.  OIOIO 

—  I     7—  6 

+0. 00785 

+0. 00518 

I     5-  7 

— 0. 00301 

-f  0. 00387 

0     7—  7 

— 0. 00764 

— 0. 00513 

—I     s—  6 

— 0. 00052 

-f-o.  00062 

I     7—  8 

+0. 00243 

+0. 00166 

0     s-  7 

-fo.  00091 

— 0.001 1 1 

-I     7-  7 

+0,00131 

+0. 00093 

I     5—  8 

— 0. 00039 

+0. 00048 

0  7—8 

— 0.00166 

— 0.001 17 

—I     s-  7 

— 0. 00005 

+0. 00005 

I     7-  9 

+0. 00062 

+0.00044 

0  5—8 

+0. 00009 

— 0.00010 

-I  8-4 

0.  00000 

+0. 00004 

I     s—  9 

— 0.00004 

+0. 00005 

0     8-  5 

0.00000 

— 0. 00004 

—I     6-  2 

— 0.00010 

0.  00000 

I     8—  6 

— 0.00001 

+0.  OOOOI 

0  6-3 

-|-o.  00008 

-|-o.  00001 

-I     8-  5 

+0.00013 

—0. 00028 

I  6-4 

— 0. 00006 

— 0. 00003 

0  8-6 

— 0, 00013 

+0. 00027 

-I  6-3 

-I-0.00II4 

+0. 00066 

I     8-  7 

+0. 00007 

—0,  0001 1 

0     6—  A 
"     "  *f 

— 0. 00108 

— 0.00058 

 I     8-_  6 

— 0.001 15 

+0. 00096 

I     6-  5 

-|-o.  00051 

-f  0. 00040 

0     8-  7 

+0.001 10 

— 0.00095 

-I     6-  4 

— 0. 00563 

— 0. 00762 

I     8-  8 

— 0. 00045 

+0. 00033 

0  6-5 

-fo.  00547 

+0. 00727 

-I     8-  7 

+0.00303 

— 0, 00068 

I     6—  6 

— 0. 00189 

— 0. 0031 1 

0  8—8 

— 0. 00298 

+0. 00064 

-I     6-  S 

+0. 00494 

+0. 02743 

I     8—  9 

+0. 00099 

— 0. 00021 

0  6-6 

— 0. 00465 

— 0. 02693 

V 
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Arg= 

1  (JR 
n 

Arg= 

n  dt 

COS. 

sin. 

ooe. 

sin. 

H 

i*  i 

// 

// 

i' 

t 

// 

// 

0 —  I 

+0. 00056 

-i-o.  00029 

2— 

2 

— 0. 00021 

-|-o.  00072 

0  0 

4-0. 0050243 

-fo.  001 1042 

2 — 

 +0. 00020 

— 0. 00068 

0 —  2 

— 0. 00500 

— 0. 00109 

2— 

3 

aooooo 

— 0.00001 

0 —  I 

— 0. 00033 

— 0. 00006 

2— 

5 

-|-o.  00003 

— 0. 00007 

0—  3 

— 0. 00023 

— 0. 00006 

3+ 

I 

0.00000 

0.00000 

1+  2 

0. 00000 

-|-o.  00006 

3— 

I 

— 0. 00003 

-f  0.00001 

I  0 

— 0. 00022 

— 0. 00021 

3 

0 

— 0. 00022 

-|-o.  00008 

— 0. 00195 

— 0.00137 

3- 

2 

+0. 00035 

— 0. 00025 

I—  I 

+0.00195 

+0.00133 

3- 

I 

+0. 00126 

— 0.00158 

I  0 

+0. 00021 

— 0. 00003 

3- 

3 

— 0. 00122 

-|-o.  00156 

I—  2 

-j-o.  00013 

-I-o.  00037 

3— 

2 

-|-o.  00001 

-|-o.  00005 

I—  I 

4-0. 00103 

-|-o.  00174 

3 — 

4 

— 0. 00017 

-l-o.  ooon 

I—  3 

— 0.00103 

— 0.00170 

3— 

3 

— 0. 00023 

+0.00013 

I —  2 

— 0. 00005 

— 0. 00006 

3— 

5 

-|-o.  00022 

— 0. 00012 

I—  4 

— 0. 00007 

— 0.00013 

4— 

I 

— 0. 00012 

— 0. 00005 

2  0 

0.00000 

-|-o.  00004 

4— 

3 

+0. 00020 

+0.00004 

2+  I 

0. 00000 

+0. 00031 

4— 

2 

-|-o.  00074 

— 0. 00007 

2—  I 

— 0. 00008 

—0. 00088 

4— 

4 

— 0. 00072 

+0. 00007 

2  0 

— 0. 00076 

—0. 00513 

4— 

3 

-|-o.  00002 

+0. 00002 

2—  2 

-i-o.  00077 

-f-o.  00505 

4— 

5 

—0.0001 1 

— 0.00001 

2—  I 

-fo.oooii 

-(-0. 00024 

4— 

4 

— 0.00009 

— 0.00003 

2-  3 

— 0. 00006 

-|-o.  00041 

4— 

6 

-fo.  00008 

+0.00003 

The  table  of  logarithms  of  the  integrating  factors  follows : 


Arg. 

Arg. 

Arg. 

Arg. 

^  i'«'+m 

^  i'n'+in 

i'n'+tn 

i'n'+in 

i'  i 

i'  t 

t'  i 

t 

0—  I 

0.  ooooo» 

2—  4 

9. 43860W 

4-  5 

9.  36806/2 

6—  6 

9. 3074/2 

0 —  2 

9. 69897/* 

2-  5 

9- 3332« 

4—  6 

9.  2770W 

6-  7 

9.2271/2 

0-  3 

9.  5229« 

2-  6 

9. 2485/2 

4-  7 

9.  2017/2 

6—  8 

9,1594/2 

1+  2 

9. 6618 

3+  I 

9.8135 

4—  8 

9- 1376/* 

6-9 

9. 1009/2 

1+  I 

9. 9286 

3  0 

0.  2706 

S—  I 

0. 9740/2 

7—  3 

9-7574» 

I  0 

0. 74772 

3-  I 

o.33375« 

5—  2 

9. 9562/2 

7—  4 

9. 5609/2 

0.  o8553« 

3-  2 

9-  83455« 

5—  3 

9. 6765/2 

7-  5 

9.4261/2 

I—  2 

9- 73963" 

3-  3 

9. 60841/2 

5—  4 

9-  5o78« 

7—  6 

9-3234« 

I-  3 

9.  54956» 

3-  4 

9. 46046/2 

5-  5 

9. 3866/2 

7-  7 

9.  2404/2 

I-  4 

9. 4178W 

3-  5 

9-  3503 1 « 

5—  6 

9. 2919/2 

7—  8 

9. 1708/2 

I-  5 

9. 3168W 

3-  6 

9.  2625/2 

5-  7 

9.  2142/2 

7—  9 

9. 1 108/2 

2+  2 

9. 6275 

3-  7 

9. 1895/2 

5-  8 

9. 1484/2 

8-4 

9. 5901/2 

2+  I 

9. 8673 

4  0 

0. 1457 

5-  9 

9.0912/2 

8-5 

9-  4473« 

2  0 

0. 44669 

4—  I 

0. 545  25» 

6-  2 

0. 0327/2 

8—  6 

9.3401/2 

2 —  I 

0. 19215/2 

4—  2 

9. 891 12/2 

6-3 

9.7150/2 

8-  7 

9.  2541/2 

2—  2 

9.  7  8450» 

4-  3 

9. 641 12/2 

6-4 

9-  5335« 

8-  8 

9. 1924^ 

2—  3 

9-57799« 

4—  4 

9. 48347« 

6-  5 

9.4059/2 

8-  9 

9. 1209/2 

25  AST  12 
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In  integrating  we  put 

ko  =  +  o''.3763       h  —     o''.o492       Z:,  =  —  o''.oo25       ^3  =  +  o",oo2S       lCi=  +  o''. 

And  we  have 


di 

Idv 
n  dt 

008. 

sill. 

sin. 

C09. 

i'  i 

0  0 

_Ln  000020'? 

0 —  I 

—0,  0329 

+0. 0015 

—0. 0162 

+0. 0014 

— o.ooi4737«/  ' 

— o.o3293SS«^ 

—0.  ooo7368«/ 

+0.  oi64677«/ 

0—  2 

— 0. 0012 

+0.0001 

+0. 0018 

+0. 0001 

— 0.000041 2 

— 0.  O009224«/ 

— 0.00004 1 2«/ 

+0.  O009224«/ 

1+  I 

0. 0000 

+0. 0024 

+0.  0001 

—0. 0014 

I  0 

_1_0  01*72fi 

 0  nrtifif 

-Ln  000*70 

I—  I 

—0.  961 1 

—1. 0316 

+0. 4094 

—0, 4394 

I—  2 

— 0. 0311 

— 0. 0384 

+0. 0279 

—0.0334 

I-  3 

— 0.  0012 

— 0.0016 

+0.0018 

— 0. 0022 

2+  I 

0.  0000 

_i_o  0002 

0.  0000 

— 0. 0001 

2  0 

 0, 00002 

_l-0.  OOA1 1 

 00020 

 0. 00284 

2—  I 

4-0  <'7J!a 

_l_o  020c 

_Lo  2102 

2—  2 

— 0.  II 18 

+1.7242 

+0. 0751 

+  !•  1559 

2-  3 

— 0.0032 

+0. 0690 

+  0.  0042 

+0.  0779 

2—  4 

—0.0001 

+0. 0032 

+0. 0003 

+0.0053  ■ 

j  0002 

0. 0000 

0. 0000 

3-  I 

-f-o.  00335 

3—  2 

+0. 1438 

— 0.0448 

—0.  0852 

—0.  0238 

3—  3 

—0.  1765 

+0. 1479 

+0.  1382 

+0. 1 167 

3—  4 

— 0. 0105 

+0.  0092 

+0.0122 

+0.  0106 

3-  5 

— 0. 0007 

+0.0006 

+0.0009 

+0.0008 

4—  I 

— 0. 00008 

— 0. 00033 

+0.  00003 

— 0.  OOOIO 

4—  2 

— 0. 0068 

— 0.  0086 

+0.  0036 

—0. 0048 

4—  3 

+0.0198 

+0.01 1 1 

—0.0131 

+0. 0082 

4—  4 

— 0. 0475 

—0.0058 

+0. 0405 

—0. 0047 

4-  5 

— 0.0040 

— 0.  0005 

+0. 0047 

— 0. 0005 

4—  6 

-fo.  0002 

0.0000 

+0. 0007 

0.0000 

5—  2 

— 0. 0006 

+0.  0013 

+0.0003 

+0. 0007 

5-  3 

+0. 0002 

— 0. 0014 

— 0. 0002 

—0. 0010 

5—  4 

+0.0013 

+0.0055 

— 0. 0008 

+0. 0041 

5-  5 

— 0. 0068 

— 0.0091 

+0. 0061 

—0. 0082 

5-  6 

— 0. 0006 

— O.OOIO 

+0. 0008 

— 0. 0012 

6-4 

+0. 0003 

— 0. 0002 

— 0. 0002 

— 0. 0001 

— 0.0009 

+0.0013 

+0. 0008 

+0. 0010 

6—  6 

+0. 0005 

— 0. 0029 

—0.0004 

— 0. 0027 

6-7 

0,0000 

— 0. 0004 

— 0.0001 

— 0. 0005 

7-  5 

+0.0001 

0.0000 

— o.ooox 

0. 0000 

7-  6 

— 0.0004 

0.0000 

+0. 0004 

+0. 0001 

7—  7 

+0.0008 

— 0.0004 

— 0. 0006 

— 0.0004 

7-8 

+0.0001 

—0.0001 

— 0.  0001 

— 0.0001 

8-  7 

— 0.  0002 

— 0.0001 

+0, 0001 

— 0. 0001 

8—  8 

+0.0001 

0.0000 

— 0. 0002 

+0.0001 
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In  fine  we  have  the  perturbations  of  Saturn  by  Neptune.  Here  we  give  a  single 
accent  to  the  symbols  belonging  to  Saturn  and  three  accents  to  the  mean  anomaly  of 
Neptune. 


v' 

COS  i' 

Arg-iy'+iff' 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

i'  i 

// 

ft 

// 

// 

// 

// 

0  0 

— 0. 0620 

+0.  0000207«''/ 

+0.0003 

— 0. 0004230^^/ 

0 —  I 

0.0000 

0.0000 

— 0. 0327 

— 0. 0007 

0.0000 

0.0000 

-fo.  ooi4737K^/ 

— 0. 0329355^^/ 

+0.  ooo7363«^/ 

+o.oi64677»^/ 

+O.OOII042«^/ 

-fo.  0050243K''/ 

0 —  2 

-[-0. 0004 

0.0000 

+0. 0007 

0.0000 

+0.  OOOI 

—O.OOOI 

-f-O.  00OO206»''/ 

—0.  000461 2«''/ 

+0.  0000206«^/ 

+0.  000461 2^^/ 

+0. 0000309^^/ 

+0.0001407^''/ 

I-f  I 

0.0000 

—0. 0020 

—0,0001 

— 0.0012 

—0.0013 

+0. 0012 

I  0 

+0. 0304 

—0. 0965 

+0. 0090 

+0.0039 

—  0.0041 

+0. 0028 

•     I —  I 

+  1703 

—1.2561 

+0. 4984 

+0. 5350 

+0.0013 

+0.  OOOI 

I —  2 

+0.0171 

—0.  021 1 

+0.0153 

+0. 0183 

— 0.0009 

+0.0015 

I—  3 

-(-0. 0004 

—0. 0006 

+0.0006 

+0. 0008 

2  0 

—0.0001 

—0.  01 16 

+0. 0006 

— 0. 0079 

+0. 0003 

—0. 0027 

2 —  I 

-fo.  0829 

+0.  9001 

+0.0319 

—0. 3582 

—0. 0026 

+0.0175 

2—  2 

+0.068 1 

+1.0498 

+0.0457 

—0. 7037 

— 0. 0003 

+0. 0008 

2—  3 

+0.0012 

+0.0261 

+0.0016 

—0. 0295 

2—  4 

0.  0000 

+0. 0009 

+0,0001 

— 0. 0015 

3  0 

+0. 0004 

0.0000 

0.0000 

0.0000 

3—  I 

—0.  0293 

+0. 0072 

—0. 0106 

—0.0013 

— 0.0004 

0.0000 

3—  2 

— 0.  0982 

— 0. 0306 

—0. 0582 

+0.0163 

— 0. 0022 

—0. 0028 

3—  3 

+0. 0716 

-f  0. 0600 

+0. 0561 

—0. 0474 

—O.OOOI 

—0*0001 

3—  4 

+0. 0030 

+0.0027 

+0.0035 

— 0. 0031 

-I   c 

+0. 0002 

+0.  0001 

+p.  0002 

— 0. 0002 

4—  I 

+0. 0003 

—0.0012 

+0.0001 

+0.0004 

4—  2 

+0.0053 

— 0. 0067 

+0. 0028 

+0.0037 

+0. 0004 

— 0. 0002 

4—  3 

— 0, 0087 

+0. 0049 

—0. 0057 

—0. 0036 

—0.0004 

—O.OOOI 

4 —  4 

+0. 0145 

—0.0018 

+0. 0123 

+0.0015 

4—  S 

+0. 0009 

—O.OOOI 

+0. 001 1 

+0.0001 

S-  2 

+0. 0005 

+0.0012 

+0. 0003 

— 0. 0006 

5-  3 

—0.0001 

— 0. 0007 

— 0.  OOOI 

+0. 0005 

5—  4 

—0. 0004 

+0.0018 

— 0. 0003 

—0.0013 

5-  5 

+0.0017 

— 0. 0022 

+0.0015 

+0. 0020 

5-  6 

+0.0001 

—0. 0002 

+0. 0002 

+0.  0002 

6-4 

—0.0001 

— 0.  0001 

—O.OOOI 

0.0000 

6-  5 

+0. 0002 

+0.0003 

+0.  0002 

— 0. 0003 

6-  6 

— O.OOOI 

— 0. 0006 

—O.OOOI 

+0.0005 

6-7 

0. 0000 

—O.OOOI 

0.0000 

+0.0001 

7-  6 

+0.0001 

0. 0000 

+0.  OOOI 

0.  oooo 

7—  7 

— O.OOOI 

— 0.  OOOI 

— O.OOOI 

+0.0001 

I 


CHAPTER  VI. 

i 

PERTURBATIONS  OF  JUPITER  BY  NEPTUNE. 


In  this  case  also  first-order  terms  suffice.  The  elements  of  the  two  planets  have 
already  been  given  (pages  19,  161).  The  coefficients  of  the  terms  of  the  develop- 
ments of  the  reciprocal  of  the  distance  between  Jupiter  and  Neptune,  and  its  odd  powers, 
are  functions  of  the  six  elements 


log  £v=  9.2380919                       J  =    o  56  53.38 

e  =  0.04824277                         n  =  196  4  4.53 

=  0.0084962                .          ZZ'=  227  24  47.47 

Hand  IT  are  measured  from  the  ascending  node  of  the  orbit  of  Neptune  on  that  of 
Jupiter.  The  developments  will  be  made  first  in  terms  of  the  eccentric  anomaly  of 
the  latter  planet. 

The  values  of  the  auxiliary  constants  are 

o  '  // 

log  A;     =  9-9999955                         K  =31  20  50.47 

log  hi    =9.9999450                        Ki  =31  20  35.43 

logp     =  9.2675773                        P    =  13  53  1.47 

logv     =9.5387100                        Y   =31  22  43.86 

logw    =9.5385860                       W  =17  26  35.35 

log  wi   =  9.5390766                        Wi  =  17  28  47.54 
log  i;^2  =  5-5420182 


D  =  1.0298308  —  [8.2302547]  cos    +  [5.8584494J  COS*  f'  +  [8.6834322] /cos  F 

The  circumference  will  be  divided  into  eight  parts  with  reference  to  g\  the  mean 
Anomaly  of  Neptune.    For  three  points  of  division  we  have 

45^        45»    20'  46''.64 

90  90       29       12  .40 

135      135    20   31  .76 
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We  get  the  following  table  of  values  of  D,  log^  and  F  : 


log/ 

F- 

■9' 

0 

o 

- 

I.  0271856 

9-  5383650 

0 

31 

3 

It 

45*  80 

45 

I. 0217845 

9. 5368144 

31 

33 

22,27 

90 

I. 021 1885 

9. 5368308 

31 

56" 

^48.  30 

135 

1.0257276 

9.  5381879 

31 

56 

6.93 

180 

1.0326568 

9-  5395481 

31 

33 

35.96 

225 

1.0379352 

9, 5403230 

31 

6 

29.  59 

270 

1.0385560 

9. 5405918 

30 

48 

57.11 

315 

I. 0341396 

9. 5400099 

30 

47 

8. 07 

S 

4. I 195869 

8.  1553357 

125 

23 

7.17 

S' 

4. I 195869 

8. 1553352 

125 

23 

6. 86 

Employing  the  same  method  as  in  the  preceding  chapter,  we  have  the  following 
values  of  log 


(1) 

logoo 

(1) 

logofi 

(1) 
log  Ofa 

(1) 

log 

(1) 
log  04 

<1) 

log  Oi 

(1) 
log  ote 

(0) 

0. 0038932 

8. 9430342 

8. 0571682 

7.  2167845 

6. 397480 

5.  59035 

4. 79117 

(I) 

0. 0050731 

8. 9450050 

8. 0599259 

7. 2203281 

6.  401808 

5.59546 

4.79706 

(2) 

0. 0052126 

8.9454332 

8.0606412 

7. 2213302 

6.403097 

5. 59705 

4. 79894 

(3) 

0. 0042225 

8. 9438341 

8.  0584363 

7.2185203 

6. 399684 

5. 59303 

4.79431 

(4) 

0. 0026867 

8. 9406253 

8.0535630 

7.2119846 

6. 391486 

5-58317 

4. 78279 

(5) 

0. 0015122 

8.9379116 

8.0493179 

7. 2062100 

6. 384182 

5.  57433 

4. 77243 

(6) 

0.0013828 

8.9377920 

8. 0492080 

7.  2061098 

6. 384092 

5.57425 

4.  77235 

(7) 

0.0023676 

8.9401337 

S.  0528997 

7. 21 I 1408 

6.  390480 

5.58199 

4. 78144 

S 

0. 0131753 

S. 7668847 

2. 2205804 

88. 8562091 

85.576155 

82. 34482 

79. 14525 

0. 0131754 

5.7668844 

2.  2205798 

88. 8562082 

85.576154 

82.  34481 

79. 14524 

(3) 

log  Ob 

.  (3) 

logai 

,  (3) 

loga^ 

logoi 

logos 

(0) 

0.  03 148 1 2 

9. 4412053 

8. 7749893 

8. 0796*296 

7.368805 

6. 64838 

5.92143 

(0 

0.0350934 

9. 4455847 

8.7801476 

8. 0855698 

7.375529 

6.65590 

5.92973 

(2) 

0.0355384 

9,4463096 

8.7811567 

8. 0868642 

7.377108 

6,65776 

5.93188 

(3) 

0.  0325122 

9.4426928 

8. 7769403 

8. 0820459 

7.371687 

6.  65172 

5.92523 

(4) 

0.  0277517 

9. 4363094 

8. 7689093 

8.0723610 

7.360346 

6.  63873 

5.91058 

(5) 

0. 0240883 

9. 4311526 

8.  7622367 

8.0641668 

7. 350628 

6. 62750 

5.89782 

(6) 

0. 0237010 

9. 4307747 

8.7618684 

8. 0638081 

7. 350278 

6.  62715 

5.89748 

(7) 

0.  0267786 

9.4351689 

8. 7675989 

8. 0708801 

7.358694 

6. 63690 

5.90858 

S 

0.  1184723 

7. 7545990 

5.0869237 

92. 3026629 

89.456537 

86.  57202 

83. 66137 

0. 1184725 

7.7545990 

5.0869235 

92. 3026626 

89.456538 

86.  57202 

83. 66136 

l82 
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The  values  of  the  coeflficients  A  for  the  development  of  [D— /  cos  F)]  *  and 
[D— /cos  (f— F)]~',  no  division  by  an  integer  being  made,  are 


(o) 

(0 
(2) 

(3) 
(4) 

(5) 
(6) 
(7) 

s 


Ao 


1,0090047 
1. 01 17498 
1. 0120748 
1.0097700 
1,0062056 
1. 0034881 
1.0031891 
1.0054665 

4. 0304742 
4. 0304744 


A^^ 


+  751301 
750774 
748351 
745694 
74321 I 
742136 
744206 
+  748465 
4-2987069 
-1-2987069 


A^ 


-  452547 
461089 
466655 
464791 
456511 
447830 

44391S 

-  445919 
-I 81 9628 
-1819629 


+  53332 

5191S 
50598 

$03^3 
5 1 147 
52219 

53214 
+  53773 
4-208291 
+208290 


Ai 


— 100834 
102386 
103254 
1027 I I 
100903 
991 1 1 
98548 
—  99332 

—403539 
—403540 


-  916 

1352 
1694 
1673 
1329 
932 

686 

-  669 

-4625 
-4626 


(o) 
W 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

S 


—  16448 

16553 
16560 

10455 
16238 
16050 
16059 

—  16247 

-65305 
—65305 


Ar^ 


7 

-1406 
1491 
1550 

1536 
1456 
1369 
1328 
-1343 
-5740 
-5739 


—2064 
2035 
1999 
1985 
1987 
1998 
2025 

—2058 

-8075 
—8076 


-  354 
365 
371 
367 
355 
342 
337 

-  343 
-1417 
-1417 


As 


-163 
149 

137 
136 
145 
155 
164 
-168 

-609 
-608 


Ai" 


-  61 
62 
62 
61 
60 

59 
59 

-  60 

-242 
-242 


Ai" 


7 

+  7 
10 

«3 
«3 
10 

7 
5 

+  S 

+35 
+35 


(o) 
(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

S 


Ai" 


1.0751800 
1.0841600 
1.0852715 
1.0777355 
1.0659865 
1.0570324 
1.0560902 
1 .  0636007 

4. 2825282 
4. 2S25286 


4-2365838 
2377329 
2371275 
2351904 
2326990 
2310597 
2315666 

+2339952 

+9379778 
+9379782 


Ai" 


-1425066 
1460037 
1478675 
1465940 
1429340 

1394294 
1381283 

-1394093 

-5714364 
-5714364 


+  278487 
272595 
265858 
263505 
265562 
269616 

274592 
+  278783 

4-1084499 
+1084499 


-  526537 
537603 
542528 
537181 
523905 
511729 
508519 

-  514979 
-2101489 
-2101492 


-  6681 
9912 
12429 
12219 
9638 
6723 
4946 

-  4841 

-33694 
-33695 
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A^' 

Ai'^ 

Af' 

Aft 

Ai** 

—1 19938 

(0) 

—13157 

—19324 

—  4044 

-1859 

—  829 

+'93 

(0 

121374 

14031 

19153 

4192 

1712 

839 

138 

121508 

14601 

18832 

4266 

1575 

837 

m 

(3) 

12017s 

14405 

18610 

4205  ^ 

^  1558 

825 

169 

(4) 

117736 

I35S4 

18492 

4030 

1645 

803 

132 

(S) 

115727 

12677 

18491 

3861 

1756 

785 

92 

(6) 

115721 

12287 

18731 

3812 

1852 

787 

67 

(7) 

—117629 

—12487 

— 19124 

-  3^93 

—1905 

—  807 

+  67 

S 

—474903 

—53599 

-75379 

— 16152 

—6931 

-3256 

+46S 

—474905 

—53600 

-75378 

— 16151 

-6931 

-3256 

+466 

The  following  are  the  formulae  for  mechanical  quadratures  in  the  case  of  the  di- 
vision of  the  circumference  into  eight  parts : 
If 

(o.4)  =  Yo  +  T4  (^)  =  To-T4 

(1.5)  =T,  +  Ye  (i)  =  Y,-Y5 

(2.6)  =  Y,  +  Y«  (f)  =  Y«-Y8 

(3.7)  =  Y,+  Y,  (^)=Y,-Y, 


Then 


(0.2)  =  (0.4)  +  (2.6) 
(i.3)  =  ('.S)  +  (3.7) 


2(Co  +  C*)  =  (0-2) 
2(Co-C4)  =  (l.3) 

4  d 

4  8t 


(0.4)  -  (2.6) 
(i.S)-(3-7) 


2(Ci+C,)  =  (J) 

2(ci  -  c)  =  [{i)  -  m  COS  45" 
2(s,  +  «,)  =  [a)  +  (f)]co8  45" 

2(S,-«,)=  (f) 


The  quantity  J/j  is  so  small  that  we  may  neglect  the  terms  multiplied  by  it,  and 

thus  may  take  [D  —/cos  {e  —  F)J   '  as  the  equivalent  of  ^ . 


Arg=iV-fi£ 

a 

2 

I' 

(ir 

COS. 

sin. 

COB. 

Bin. 

i'  i 
0  0 

0—  I 

0 —  2 
0—  3 

1. 0076186 
—0.0007326 
-fo.  0000303 

0.0000000 

— 0, 0000090 
-fo.  0000021 
0.0000000 

1,0706321 
— 0. 0029278 
-fo,  0001607 
— 0. 0000002 

— 0. 0025664 
-f  0.0000170 
— 0. 0000005 

1+  2 
1+  I 
I  0 
1—  1 
I —  2 

1-  3 
1—  4 

4-0. 0000001 
H-0. 0000937 

+0.0013995 

+0. 1493534 
— 0.0001261 
-fo.  0000059 
— 0. 0000002 

-fo.  0000002 
— 0. 0000690 
-f  0. 0044427 
— 0. 0909814 
-fo.  0001343 
— 0. 0000031 
— 0.0000001 

-fo.  0000007 
-f  0. 0002899 

-f  0.0045952 

-f  0. 4689890 
—0. 0010542 
-f  0. 0000440 
— 0.0000001 

-f  0. 0000018 
— 0, 0002370 

-f  0.0145895 
—0.2857182 
-fo. 000305 I 
— 0. 0000217 
0.0000000 
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a' 

A 

(1)' 

COS. 

sin. 

COS. 

Bin. 

i'  i 

2+  I 

-fO.  OOOCXJI I 

-fo.  0000002 

-fo.  0000051 

-fo.  OOOOOI  7 

2  0 

— 0.0000134 

-f  0. 0000003 

— 0. 0000488 

— 0.0000359 

2—  I 

2—  2 

-fo.  0104145 

— 0. 0201770 

-f  0. 0542249 

— 0. 1 050741; 

2—  3 

—0. 0000045 

-f  0.  OOOO'iqq 

— 0.  OOOI415 

-f  0. 0002640 

2—  4 

-fo.  0000006 

 0.0000012 

-f  0, 0000066 

— 0. 0000109 

3  o 

+0.0000001 

— 0. 0000002 

-f  0.0000015 

— 0.  ooooon 

3-  I 

3-  2 

+0. 0003445 

— 0. 0001 27 1 

-f  0.  0023460 

— 0. 0005665 

3—  3 

— 0. 0002313 

— 0. 0032652 

— 0. 0016847 

— 0. 0237452 

3-  4 

-fo.  0000036 

-f  0.  OOOQO74 

-f  0.0000148 

-f  0. 0000741 

3—  5 

0.0000000 

— 0. 0000003 

0.0000000 

— 0. 0000030 

4—  2 

-fo.  0000031 

-f  0.  OOOOOI I 

-^-O.  OOOOIQ'? 

-f  0. 0000132 

4-  3 

-fo.  0000457 

— 0. 0000609 

-f  0. 000417 «; 

— 0. 0004838 

4—  4 

—0. 0002870 

— 0. 0004038 

— 0. 0026800 

— 0. 0037689 

4—  5 

-f  0. 0000013 

+0. 0000008 

-f  0.  OOOOI3I 

-f  0, 0000120 

4—  6 

--0.0000003 

— 0. 0000006 

5-  3 

-f  0.0000009 

— 0.0000003 

-f  0. 0000088 

— 0. 0000005 

5—  4 

-|-o.  0000014 

— 0. 0000148 

+0. 0000250 

— 0.  0001573 

5-  5 

— 0. 0000708 

— 0. 0000304 

— 0. 0008076 

— 0. 0003465 

5-6 

-f  0.0000004 

— 0.0000001 

-f  0. 0000040 

-fo.  0000005 

6 —  4 

-fo.  0000002 

— 0. 0000002 

+0. 0000022 

— 0.0000017 

6-  5 

— 0. 0000013 

—0. 0000026 

—0. 0000145 

—0. 0000334 

6—  6 

— 0.00001 21 

-f  0. 0000017 

— 0. 0001628 

-f  0. 0000233 

7-  5 

0.0000000 

— 0.  0000001 

-f  0. 0000002 

— 0. 0000008 

7-  6 

— 0. 0000004 

— 0. 0000003 

— 0. 0000066 

—0.0000045 

These  expressions  are  now  changed  into  others  dependent  on  the  argument 
iy+tgr.  The  formulae  and  data  for  this  transformation  have  already  been  given 
(pages  52,  53). 


a 

(1)' 

A 

COS. 

sin. 

COS. 

sin. 

i'  i 

0  0 

1.0076363 

1. 0707027 

0—  I 

—0.0007335 

— 0. 0000091 

— 0. 0029329 

— 0. 0025664 

0 —  2 

-|-o.  0000125 

+0.0000019 

+0. 0000898 

— 0.0000448 

0—  3 

-fo.  0000009 

+0.0000001 

+0. 0000049 

— 0.0000019 

1+  2 

-f  0.  OOOOOIO 

— 0. 0000006 

+0. 0000033 

—0.0000013 

1+  I 

+0, 0000502 

— 0.0000431 

+0.0001533 

—0.0001539 

I  0 

—0. 00:^2054 

+0. 0066390 

— 0. 0067243 

+0. 021487 1 
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♦ 

—  I 

—  2 

—  3 

—  4 

24-  I 
2  o 
2—  I 
2 —  2 
2—  3 
2—  4 

2-  5 

3—  o 
3-  « 
3—  2 
3—  3 
3—  4 
3-  S 

3-  6 

4—  I 

4—  2 
4—  3 
4—  4 
4-  5 
4-6 

4—  7 

5-  3 
S—  4 
5-  5 
5-6 

5—  7 

6-  4 

6-5 
6—  6 

6-  7 


+0. 1492726 
+0, 0034722 
-[-0.0001299 
+0, 0000055 

-fo.  0000007 
— o.  0000506 
+0.0010373 
4-0.0104277 
4-0. 0004978 
-fo.  0000246 
4-0.0000013 

0.0000000 
— 0.0000127 
4-0. 0003605 
— o.  0002138 
—0.0000123 
— o.  0000007 

0.0000000 

o.  0000000 
— o.  0000009 
-fo.  0000732 
— o.  0002812 
— o.  0000257 
— 0.0000018 

+0. 0000006 

4-0.  0000100 

— o.  0000697 
— o.  0000080 
— o.  0000007 

4-0.0000004 
4-0.0000004 

— O.  0000I2I 

— 0.0000017 


— o.  0909350 
— o.  0020578 
— o. 0000728 
— o.  0000034 

4-0.0000001 
— o.  0000095 
4-0.0013786 
— o.  0201 23 1 
— o.  0009306 
— 0.0000451 
— 0.0000022 

— 0.0000004 
+0. 0000099 
+0. 0001094 
— o. 0032549 
— o. 0002282 
— 0.0000138 
— 0.0000007 

— o. 0000002 
-fo.  0000046 
— o.  0000216 
— o.  0004045 
— o. 0000382 
— o.  0000027 

4-0. 0000010 

— 0.0000II2 

— 0.0000314 
— 0.0000038 
— o.  0000003 

+0.0000001 
— o.  0000029 
+0. 0000014 
+0. 0000003 


(I)' 


COS. 


+0. 4687669 

+0.  OID2446 

+0. 0004016 
+0.0000183 

+0. 0000028 
— o.  000213 1 
+0.004 1 87 1 
+0. 0542730 
+0. 0024736 
+0.0001224 
+0. 0000063 

+0. 0000014 
— o.  0001097 
+0. 0024622 
— o.  0015644 

— 0.00OI0I2 

— o. 0000057 
— o.  0000003 

—0.0000004 
— 0.0000186 
+0. 0006941 
— o.  0026252 
—0.0002419 
— 0.0000172 
— o.  000001 1 

+0. 0000028 
+0. 0001223 
— 0.0007941 
— o.  0000923 
— o.  0000076 

+0. 0000028 
+0. 0000093 
— 0.000I6II 
— o.  0000233 


— o.  2855666 
— o.  0065780 
—0.0002558 
—0.00001 1 5 

+0.0000013 
— o.  0001082 
+0. 0080620 
— o.  1047770 
— o. 0047896 

—0.0002355 

— 0.0000I2I 

— o.  0000021 
+0. 0000472 
+0.001 1523 
— o.  0236554 
— 0.0016378 
— o.  0000991 
— o.  0000059 

— 0.0000013 
+0. 0000393 
— 0.0001 1 79 
— o.  0037701 
— 0.0003512 
— 0.0000252 
— o.  0000017 

+0.0000131 
— o.  0001 142 
— o.  0003567 
— o.  0000420 
— o.  0000034 

+0. 0000025 
— o. 0000365 
+0. 0000188 
+0. 0000029 


There  are  now  computed  certain  values  of  the  Besselian  function  corresponding 
to  the  multiples  of  half  of  the  eccentricity  of  Neptune's  orbit,  by  the  method  of  page  52. 


$ 

o 
I 
3 
3 


9.9999922 
7.6281908 

4.9554 
2.1064 


Values  of  log  Jl'* 

9.9999686 
7.9292090 

5-5574 
3-0095 


2 

9-9999295 
8.1052808 
5.9096 
3-5378 
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With  these  we  obtain  the  expressions  for  the  two  multipliers  of  ^ 

2Ls^-"'^J=  19-6857724] 

+  2[6,S$S46-  ]  cos  (—  g)  —  2[7.628i9]  cos  g' 
+  2U.9396     ]  cos  (-2g)  -  2[4.9SS3  ]  cos  2g' 

—  2[9.S293So8]  sin  g'  —  2[9,s6s98s3]  cos  g* 

—  2[7.iS7S4   ]  sin  zg'  —  2[7,i94i7    j  cos2ir' 


The  expressions  for  the  products  are 


Arg=iy+ifl' 

COS. 

sin. 

COB. 

sin. 

i'  » 

i'  i 

0  0 

+0-5^93540 

—0. 0007705 

—0.0114533 

0—  I 

—0.0018686 

—0. 0000325 

3 —  4 

— 0, 0000395 

—0. 0007946 

0 —  2 

+0.00001 6 1 

+0. 0000053 

3-  5 

— 0.0000019 

— 0. 0000479 

0-  3 

+0.0000012 

+0. 0000002 

3-6 

0.0000000 

—0. 0000029 

1+  % 

+0. 000001 1 

— 0.  ooooox  1 

4—  I 

+0. 0000003 

— 0. 0000009 

1+  I 

+0. 0000818 

— 0. 0000751 

4—  2 

— 0. 0000200 

+0. 00001 5 1 

\  0 

— 0. 01 20187 

+0. 0x02154 

4-  3 

+0. 0003415 

+0. 0000406 

X—  I 

+0.  2273652 

—0.  X38522I 

4—  4 

—0.0012736 

— 0. 0018216 

I—  2 

+0. 0050765 

—0. 0029S33 

4-  5 

— 0.0001158 

— 0. 000171X 

I—  3 

+0. 000x958 

— 0. 0001 108 

4-6 

— 0. 0000081 

— 0. 0000x23 

I-  4 

+0. 0000088 

—0.0000049 

4-  7 

— 0. 0000005 

— 0. 0000008 

2+  I 

+0, 0000006 

+0.0000013 

5-  3 

—0. 0000014 

+0. 0000070 

3  0 

— 0.0000906 

— 0.0001389 

5-  4 

+0. 0000699 

— 0. 0000397 

2 —  I 

+0. 0000790 

+0.0050475 

5-  5 

— 0. 0003842 

—0.0001 7 14 

2—  2 

+0. 0262751 

— 0. 0507951 

5-6 

.  — 0. 0000446 

—0. 0000207 

2-  3 

+0,0012440 

—0. 0022972 

5-  7 

— 0. 0000037 

—0, 0000016 

2-  4 

+0. 0000620 

— 0. 000x116 

6-4 

+0. 0000009 

+0,00000x7 

^  5 

+0. 0000032 

— 0. 0000057 

6-5 

+0. 0000078 

— 0.0000x62 

3  0 

+0.0000016 

— 0, 0000017 

6—  6 

— 0. 0000777 

+0. 0000093 

3-  I 

— 0. 0000734 

— 0. 0000081 

6-7 

— 0.0000114 

+0. 0000014 

3-  2 

+0. 0009624 

+0. 0009868 

Arg, 

jj'sinC/'  +  ilod;')' 

Bin. 

COS. 

i'  i 

0  0 

+0,0052523 

a—  I  ' 

+0. 2635842 

—0. 0759927 

0 —  2 

+0. 0061272 

—0.0014797 

0—  3 

+0. 00024x2 

— 0. 0000582 

0 —  4 

+0.00001 10 

— 0. 0000027 
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For  the  computation  of  a'^j^H  we  have 

log  h  =  9,1695601  log  I  =  8.9536702 

log  hi  —  9.1690072  log  li  =  8.9542630 


And  the  expression  for  a'^H  follows 


COS. 

sin. 

COS. 

sin. 

i'  % 

t'  i 

1+  2 

— 0. 0000008 

-fo.  0000007 

2  0 

4-O.OOOI8I7 

— 0.0001 107 

1+  I 

— 0. 0000497 

+0. 0000360 

2—  I 

— 0. 0025076 

-j-o.  0015274 

I  0 

-f-o.  0106923 

— 0. 0065130 

2 —  2 

— 0. 0000604 

4-0. 0000368 

X—  I 

-0. 1475785 

.4-0.0898888 

2—  3 

— 0. 0000022 

4-0.0000013 

X—  2 

-0.0035576 

-fo. 002 I 669 

3  0 

+0.  0000026 

— 0.0000016 

I-  3 

— 0. 0001286 

-f-o.  0000784 

3-  I 

— 0.0000360 

+0. 0000219 

X—  4 

— 0. 0000055 

-f-o.  0000034 

3-  2 

— 0.  0000009 

4-0. 0000005 

I-  5 

— 0. 0000003 

-fo.  0000002 

4—  I 

— 0.0000005 

4-0.0000003 

2+  I 

— 0. 0000008 

4-0. 0000006 

The  logarithms  of  the  factors  which  depend  on  the  mass  of  Neptune  are 
log  pL  =  0.2576408         log  {fjia  sin  J)  =  7.7x44717 


The  expressions  for  the  forces  are 


am 

ar 

da 

dg 

sin. 

COS. 

COS. 

sin. 

{'  i 

// 

// 

// 

0  0 

4-0. 0281 17 

0—  I 

— 0.0013275 

-fo.  0000165 

— 0. 0027182 

4-0. 0000507 

0 —  2 

4-0. 0000452 

— 0. 0000069 

4-0. 0000179 

4-0. 0000079 

x+  I 

— O.OOOOOI 

— 0.000013 

4-0.000013 

— 0.000032 

I  0 

— 0. 000405 

-f  0. 000693 

I —  I 

4-0. 003066 

4-0.001893 

4-0. 009321 

—0.005730 

I —  2 

— 0. 000309 

—0. 000395 

—0.000393 

4-0.000439 

X—  3 

4-0. 000007 

— 0.000014 

-f  0.000004 

-f  0. 0000x0 

2  0 

4-0. 00021 1 

— 0. 000443 

2 —  I 

— 0. 002661 

— 0. 005259 

—0.005334 

4-0.010652 

2—  2 

4-0. 037527 

-f  0. 072707 

4-0. 038008 

-0.073655 

2—  3 

4-0. 002691 

4-0. 005046 

4-0.001797 

—0.0033x3 

2—  4 

4-0.000177 

4-0. 000326 

4-0. 000089 

— 0. 0001 61 

2-  S 

4-O.OOOOI2 

4-0. 000020 

0.000000 

— 0. 000008 
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da 

Arcr=i'(7'-l-i(7 

dg 

dr 

sin. 

COS. 

COS. 

sin. 

i' 

3 

i 

Q 

// 

// 

4-0. 000008 

// 

— 0. 000006 

] 

— 0.  cxxx>88 

—0. 000058 

r— 0.000187 

4-0. 000016 

3— 

2 

4-0.001302 

—0. 000398 

4-0. 001 4 14 

4-0.001688 

3— 

3 

— 0.001161 

-j-o.  017672 

— 0  001201 

—0.017783 

3— 

4 

— 0. 000089 

-fo.  001652 

— 0.000060 

— 0. 001231 

3— 

5 

— 0. 000006 

-[-0. 000125 

0.000000 

—0. 000074 

3- 

6 

4— 

2 

— 0.000003 

—0.000017 

— 0. 000035 

4-0. 000023 

4— 

3 

+0.  000397 

-j-o.  0001 1 7 

4-0.  000552 

4-0. 000093 

4— 

4 

— 0. 002036 

+0. 002928 

—0.002051 

— 0. 002931 

4— 

S 

— 0. 000233 

+0.  000346 

—0.  000186 

— 0. 000275 

4— 

6 

— 0. 000013 

— 0. 000020 

5- 

3 

+0.  000003 

— 0.  000005 

0.  000000 

4-0.000012 

1  5— 

4 

+0.  000072 

-j-o.  000081 

-Uo  OOOII7 

s— 

S 

— 0. 000631 

-l-o.  000284 

 0.  000632 

— 0. 000282 

s- 

6 

— 0.000087 

4-0.  000042 

— 0. 000074 

— 0. 000034 

5- 

7 

— 0. 000009 

-j-0. 000004 

—0. 000006 

0.000000 

6— 

4 

-j-0. 000003 

— 0.000001 

6— 

S 

-fo.  000004 

4-0. 000026 

4-0. 000014 

—0. 000027 

6— 

6 

— 0.000I3I 

— 0. 000015 

— 0. 000130 

4-0.000015 

6-7 

— 0  000021 

— 0.  000C02 

— 0. 000019 

0.000000 

Arg. 

dZ 

sin. 

COS. 

i'  i 

0  0 
0—  I 

0 —  2 

0—  3 

4-0.0013659 
4-0. 000032 
4-0. 000001 

// 

4-0. 000034 
—0. 0003937 
— 0. 000008 
0.000000 
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The  expressions  for  the  multipliers  A,  B,  and  C  have  already  been  given  (page 
73),  and  we  obtain  the  following  expressions  for  T  and  i  ^ : 


T 

T 

ein. 

COS, 

sin. 

COS. 

H     i'  i 

// 

// 

K 

i'  i 

// 

// 

I     0—  I 

—0. 05597 

— 0. 00002 

0 

3—  2 

— 0.00391 

-fo.00119 

—100 

— 0.0040184 

-fo.  0000833 

I 

3—  3 

-f  0.00136 

—0.00167 

0     0—  I 

-f  0. 00398 

— 0. 00005 

_I 

3—  2 

—0. 00365 

-f  0.05327 

I     0—  2 

— 0. 00131 

— 0.  00002 

3—  3 

-f  0.00348 

— 0. 05302 

—  I     0—  I 

-|-o.  00020 

—0.00004 

I 

3—  4 

— 0. 001 1 1 

+0.01739 

0     0—  2 

— 0. 00014 

-fo.  00002 

3—  3 

— 0. 00013 

-f  0, 00284 

I     0-  3 

-f  0.00006 

0.00000 

3—  4 

-f  0. 00027 

— 0. 00496 

—I      1-4-  2 

-|-o.  00001 

— 0,  00002 

, 

3—  S 

— 0.00012 

-f 0. 00206 

0     i-l-  I 

-I 

3-  4 

0.00000 

-fo.  00015 

I                 I  0 

0.  00000 

— 0. 00004 

3-  5 

-fo.  00002 

—0.00037 

—  I                 1+  I 

— 0. 00012 

— 0. 00050 

I 

3-6 

— 0. 00001 

-fo.  00018 

I                   I    I 

— 0. 00019 

-f  0.  000'?2 

4—  I 

— 0. 00002 

— 0. 00005 

—  I                   I  0 

-fo.  01544 

-f  0.  00949 

4—  2 

-f 0.00001 

-fo.  00005 

0      I —  I 

— 0.  00920 

—0.00568 

4—  3 

—0. 00001 

— 0.  00002 

I        I —  2 

— 0.  00313 

 0.  00187 

_I 

4—  2 

-f  0.00125 

-f  0. 00028 

—  I        I —  I 

— 0. 001 15 

—0.00132 

4—  3 

—0.001 19 

— 0. 00035 

0  1—2 

+0. 00093 

-fo.ooii8 

I 

4—  4 

-f  0. 00055 

— 0. 00010 

1      I—  3 

— 0. 00038 

— 0.00044 

.-I 

4—  3 

— 0.00617 

-f  0. 00880 

—  I        I —  2 

-[-0.00004 

0.00000 

4—  4 

-f  0. 0061 1 

—0.00878 

0  1-3 

— 0. 00002 

+0.00004 

4—  5 

— 0. 00200 

-f  0. 00288 

I     I—  4 

0. 00000 

— 0. 00002 

4—  4 

— 0.00046 

-f  0. 00069 

—I       2-4-  I 

-|-o.  00007 

-f  0. 00015 

4-  5 

-f  0. 00070 

— 0. 00104 

I       2 —  I 

-\-\J,  '-'^024 

-[-0.  00040 

, 

4-  6 

—0. 00028 

-fo.  00041 

—  I       2  0 

 0.  00883 

 0.  01766 

—  I 

4-  5 

—0. 00002 

+0. 00005 

0      2 —  I 

-|-o.  00798 

-\-0.  01  KT^ 

4-  6 

-fo.  00006 

— 0.00009 

I       2—  2 

— 0. 00545 

 0.01045 

I 

4-  7 

—0.00004 

-f  0.00004 

— I       2—  I 

+0.1 1348 

-f  0.  21990 

-I 

-f  0. 00024 

-f  0. 00023 

0      2—  2 

—0. 1 1258 

— 0. 21812 

5-  4 

— 0. 00022 

—0. 00024 

I       2—  3 

+0. 03680 

-fo.  07128 

s-  S 

-fO.OOOI2 

-f  0.00006 

—  1       2—  2 

-[-0. 00358 

-f  0. 00643 

5-  4 

— 0. 00192 

-f  0. 00085 

0  2-3 

 0.  00007 

— 0. 01 5 14 

5-  5 

-f  0. 00189 

— 0, 00085 

I       2—  4 

-l-o.  00356 

-f  0. 00672 

5-  6 

— 0, 00062 

-f  0. 00028 

—  I       2 —  T 

-{-0.00017 

-f  0. 00028 

5-  5 

—0.00018 

-f  0.00009 

0  2-4 

— 0. 00053 

— 0. 00098 

5-  6 

-f  0. 00026 

— 0. 00013 

I       2-  S 

-\-o.  00028 

-fo.  00051 

S-  7 

— 0.00012 

40.00006 

—  I       2—  4 

0. 00000 

-f  0. 00001 

6-4 

-fo.  00001 

-fo.  00008 

0      2-  S 

—0.00004 

— 0.00006 

6-  5 

—O.OOOOI 

--0.00008 

1       2—  6 

+0. 00002 

-f  0.00004 

6-  6 

-fo.  00001 

-fo.  00002 

—130 

—0.00031 

— 0.00016 

6-  5 

—0.00039 

— 0.00005 

0     3-  I 

-|-o.  00026 

-f  0.00017 

0 

6—  6 

-f  0. 00039 

-f 0.00004 

I     3-  2 

—0.00018 

— O.OOOOI 

6-  7 

— 0. 00013 

— 0.00001 

—I     3-  I 

+0. 00398 

— 0. 00162 

IfO 
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-  -g^  =  +o".ooo6825  COS  (— >^)+o".oooi987  sin  (^y) 
The  logarithms  of  the  integrating  factors  follow : 


Arg. 

1 

iV  +  tn 

i'  i 

O—  I 

0.  coooo« 

O—  2 

9. 69897W 

o-  3 

9. 52288« 

1+  I 

9.96981 

I  0 

1.1427s 

I—  I 

0. 03245 w 

I—  2 

9.7i489« 

I-  3 

9-  53343« 

2-1-  I 

9. 94158 

Arg. 


t'  i 

2  o 

2—  I 
2—  2 
2-  3 
2—  4 

2-  5 

3  o 

3—  I 
3-  2 


w  ^ 

^  tV-f- 


in 


o.  84172 
o.  0675 1  w 
9.73142/Z 
9.  54424« 
9.4i386» 
9-3I372W 

o.  66563 
o.  io566« 
9. 7486o« 


Arg. 


i'  i 
3-  3 

3-  4 

3-  5 

3-  6 

4—  I 

4—  2 

4—  3 
4—  4 
4-  5 


iV-l-in 


9. SSS32W 
9. 42204W 
9. 3202 I « 
9.  23777W 

o.  14749" 
9.  76649W 
9.  56670^ 

9-  43039« 
9. 32679^ 


Arg. 


t 

.—  6 

—  3 

—  4 

-  5 

-  6 

7 

6 —  4 

6-5 
6—  6 

6-  7 


9.  2432IW 

9.5784« 
9. 4389^ 

9.  2487// 
9. i778« 

9. 4476W 

9. 3403« 
9. 2542W 
9.  i825« 


In  integrating  we  put 

Z;;o=+o".o56o 


A;i=— o".oo6o 


Zc2=4.o".oooi 


dt 

1  dv 
n  dt 

COS. 

sin. 

Bin. 

COB. 

i'  i 
0  0 

// 

// 

// 

-  -O.OOOOOIO 

0 —  I 

— 0.0040 

—0. 0001 

+0. 0040 

0.0000 

-f  0. 0000833W/ 

— 0. 00401 84^^ 

— 0.00004 I 6«^ 

— 0. 0020092;?^ 

0 —  2 

0.0000 

0.0000 

0.0000 

0. 0000 

-fO.  O0O0020W^ 

— 0. 0000968^^ 

— 0.  roo0020W/ 

— 0. 0000968^/ 

1+  I 

0.  0000 

— 0. 0005 

0.0000 

+0. 0003 

I  0 

— 0.00013 

— 0. 00079 

—0. 00020 

—0. 00008 

I—  I 

— 0.  2259 

+0. 1389 

+0. 1064 

+0. 0654 

I—  2 

— 0. 0060 

+0. 0042 

+O.OOS7 

+0. 0038 

I—  3 

— 0. 0002 

+0.0001 

+0. 0003 

+0. 0002 

2—  0 

+0.00016 

— 0. 00029 

+0.00012 

+0. 00023 

2—  I 

+0. 0680 

—0. 1361 

— 0. 0319 

—0. 0635 

2—  2 

+0. 0863 

— 0. 1674 

— 0. 0614 

— 0. 1 189 

2-  3 

+0. 0033 

— 0. 0062 

— 0. 0038 

—0. 0072 

2—  4 

+0. 0002 

— 0. 0002 

— 0. 0002 

— 0. 0003 

3-  I 

+0.0016 

— 0.0009 

— 0. 0008 

—0.0004 

^    3—  2 

+0. 0034 

+0.0019 

— 0. 0023 

+0. 0008 

3—  3 

—0. 0009 

— O.OIS5 

+0. 0008 

— 0. 0126 

3—  4 

+0.0001 

— 0. 0008 

0.0000 

— 0.0010 

4—  3 

+0.0004 

— 0.0001 

—0.0003 

— O.OOOl 

4—  4 

— 0.001 1 

— 0.0014 

+0. 0009 

— 0. 0013 

4-  S 

—0.0001 

— 0. 0002 

+0. 0002 

— 0. 0002 
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In  fine,  for  the  perturbations  of  Jupiter  by  Neptune  we  have 


V 

u 

COS  { 

sin. 

COS. 

COB* 

Bin. 

sin. 

COB. 

// 

/I 

// 



/I 

// 

o  o 

— 0.  0093 

— 0. 00000 I 0«/ 

—0.  0000494;;/ 

0 —  I 

O.OOCX) 

0.0000 

-f-0.  0020 

0.0000 

- 

— 0.  oocx)833«/ 

—0. 00401 84«/ 

— 0.00004 1 6«/ 

+0.  0020092»/ 

+0. 0001 987«/ 

+0. 0006825^/ 

O—  2 

— 0.  oooooio«r 

— 0.  oooo484«/ 

— 0. 00000 1 0«/ 

+0.  0000484^/ 

-fo.  0000048^/ 

+0. 0000 1 65«/ 

1+  I 

o.  oocx> 

-fo.  0005 

0.0000 

+0.0003 

I  0 

— 0.  ooi8 

4-0.0110 

-}-o.  0028 

— O.OOII 

1—  I 

+0.  2434 

+0. 1497 

+0.1 147 

—0. 0705 

I—  2 

-1-0. 0031 

+0. 0022 

-f-o.  0030 

— 0. 0020 

2  O 

-|-o,  001 1 

-\-o,  0020 

— 0.0008 

+0.0016 

2—  I 

0794 

— 0. 1590 

—0.0373 

-f  0. 0742 

2—  2 

— 0. 0465 

— 0. 0902 

—0.0331 

+0. 0641 

2-  3 

— 0.0012 

— 0. 0022 

— 0.0013 

+0. 0025 

3-  I 

— 0. 0020 

—0. 001 1 

— 0. 0010 

+0.0005 

3—  2 

— 0. 0019 

-j-O.  001 1 

— 0.0013 

— 0.0004 

3—  3 

+0. 0003 

— 0. 0056 

-1-0. 0003 

+0. 0045 

3—  4 

0.0000 

— 0. 0002 

0.0000 

+0. 0003 

4—  3 

— 0.0001 

0.0000 

— 0. 0001 

0.0000 

4—  4 

-j-0. 0003 

— 0.0004 

-|-o.  0002 

+0.0004 

CHAPTER  VII 

PERTURBATIONS  OF  JUPITER  AND  SATURN  BY  THE  FOUR  INTERIOR  PLANETS. 


Here  we  need  take  account  only  of  the  secular  terms,  tne  constant  terms  of 
and,  in  the  action  of  Venus  and  the  Earth,  of  the  terms  of  nSz  and     which  depend 
on  the  single  multiple  of  the  elongation  of  the  disturbing  planet  from  the  disturbed. 
The  terms  to  be  derived  are  so  few  and  small  that  they  may  most  readily  be  got  by 
an  algebraical  development  of 

The  elements  of  the  interior  planets  for  the  epoch  1850.0  needed  for  the  compu- 
tation are 


Mercury. 
^    75**    7'  i3"*62 
i      70   o'  7".7i 

e  0.20560476 
^  S38ioi6".26o 
log  a  9.5878217 
I 


5000000 


Venns. 
129**  27'  42".83 
3**  23'  35".oi 
75"  19'  53"-o8 
0.0068431 1 
2io664i".357 
9-8593378 

425000 


Earth. 
100**  21'  39".73 
000 

0.01677114 
i295977"-4i6 
0.0000000 
I 

322800 


Mars. 

333**  17'  5i"-74 
I**  51'  2".24 
480  23'  54".S9 
0.09326803 
68905o".784 
0.1828971 
I 

3093500 


Action  of  Mercury  on  Jupiter, 


In  this  case 


logo:      =8.8715885  log  6^***    =0.30163      logftj**     =8.87249     log  ahf  =8.22481 

dh^^^  ^5****  ^h^^^ 

'^'M  ^  7-74588       log  a-^  =  8.87430      log  c^^~  =  7.75129      log  a^-g^-  =  6.9720 

The  constant  term  of  v  is  given  by  the  formula 
and  in  this  case  is 

r  =  +  o".oi38 
a' 

We  have  also  the  following  terms  in  — 

^  =  [7.32172]     +  6^2)  -  [7.92378]  sin*  ~J  -  [6.59io6]ee'  cos  (IT --11) 
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In  which  we  have 

log  sin     =  8.7391  IP  —  71=  296^ 

From  this  expression  it  is  easy  to  find  that  the  secular  terms  of  and  are 

cos  If 

II  II 
ndz—  —  o.ooooo59«/ sin  (— ^)  —  0.0000137^/' cos  {^9) 

r  =  —  o.ooooo30«/  cos  (— ^)  +  0.0000069/2/  sin  {—g) 

+  o.oooooSow/  sin  (— ^)  —  0.0000171^/'  cos  (— ^) 


If 
cos  i 


Action  of  Venm  on  Jupiter. 


In  this  case 

a  =  9.1431046 


The  constant  term  of  v  is 

v  =  +  o''.i64o 

The  non-periodic  portion  of  ^  contains  the  following  terms 

=    [7.87614]  (e^  +  e'') 
+  [8.53188]  sin*  \j 
+  [7-99054]  e'* 


log  5;''  = 

0.303  IS 

logj;" 

=  9.14638 

logs;" 

=  8.16479 

8.29574 

log  a-ji- 

=  9.15264 

=  8.46937 

8-31457 

=  7'799i4 

=  8,48344 

7-43109 

logo'^j, 

=  7-83341 

=  7.47526 

7.48662 

—  7.20768 

=  7.52801 

log«6<," 

=  8-77923 

loga'Sj" 

=  8.63965 

8.41003 

=  8.81022 

log  a»J<" 

=  7-54622 

loga»^  = 

8.46044 

=  8.14175 

=  8-33395 
—  8.38980 

-[8.47820]  sin^  -J 
+  [6.03454]  ^. 
-  [8.69081]  (e'+e")  sin'ij 


—  [7.41622]  cos  (IT  —  JT) 
+  [8.08876]  e'e'^ 

—  [7.32535]      cos  {IF  —  11) 


-  [7.83041]      cos  (/I'  -  JT)  +  [8.48167]  ee'  sin=*  jj  cos  (TP  -  /T)  +  [6.69417]  e^e^  cos  2(21'  -  71) 

+  [8-89363]    Qin^  jj  cos  2iT-  [8.21647]  ee'  sin^  ij  cos  (71'  +  71)  +  [6.93763J  e''  sin»  ij  cos  27F 
25  AST  13  ■ 
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In  which  we  have 


J  =  2**  15'  ri".34  7r  =  3io**  4'  23"ai  n=6f  36'  S3''.64 

From  this  expression  we  find 

-  i  -w  =  +  °-°°°o»s8  -   0.0007369 

From  these  four  quantities  it  is  easy  to  conclude  that  the  secular  terms  afB 

//  // 
*     n6z  =  —  o,ooooi53Wf  sin  (—  g)  —  o.ooo7i44«<  cos  (—  g) 

vz=  —  o.oooooyyn^  cos  (—  g)  +  0.0003572%*  sin  (—  g) 


cos 


^  -  =  +  o.ooo22oiw^  sin  (  —  ^)  —  0.000185211*  cos  (—  g) 


are* 


The  terms  of  ndz  and     which  depend  on  the  elongation  of  "Venus  from  Jupiter, 
nSz  =  +  o''.o675  sin  (  9  —  y )  y  =  +  o''.o675  cos  (  9  —  y ) 


In  this  case 
log  a  =  9.2837668 


Action  of  the  Earth  on  Jupiter. 


log  aUl'^  =  9'07S33 
log         =  8.94979 


log 

=0.30511 

log 

=  9.28988 

log 

=  8.44939 

= 8.58591 

=  9.30214 

log  a-yi- 

=  8.75728 

log«' J. 

= 8.62181 

=  8.23752 

log 

=  8.78433 

= 8.02093 

=  8.30187 

log«'^r 

=  8.06368 

— 8.12288 

loga^-j^ 

=  7-95070 

log  a*-5-4- 
aa* 

=  8.16093 

log 

log  a^-J- 
aor 

log  cr>^- 


;  8.96871 
9-13378 
:  8.74229 


loga'b'^'  =8.13844 

:  8.78328 


loga^< 

^  da 


The  constant  term  of  v  is 


V  =  +  o''.2i89 


*  For  the  formulae  of  computation  see  M^canique  Celeste,  Tome  I,  pp.  279,  280. 
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The  non-periodic  portion  of     contains  the  following  terms : 
a'  I 

-  =    [8.17224]  (e*  +  -  [8.77430]  sin2  -J  +  [7.53817]  &^  sin3  ij  cos  ail' 

+  [8.87474]  8in<  ij  +  [6.63508]  e*  -  [7.85190]     cos  {IT  -  7Z) 

+  [8.30292]  -  [9.01985]    +     sin*  Jj-          +  [8.41780]  d'e^ 

-  [8.28145]  ee'^  cos  (il'  -  Jfl)  +  [8.93970]  €€'  sin^  ij  cos  (77'  -  il)  -  [7.79205]  e'e'  cos  (77'  -  21) 
+  [9.20601]  e^sin^^J  cos  277- [8.67277]     sin^  -J  cos  (77' +  77)  +  [7.28650]  e^e'^  cos  2(77' -77) 

In  which  we  have 

J  =  I**  18'  42".io         77'  =  92**  59'  49"         77=  i8io  25'  20" 
From  this  expression  we  find 

"  ?  an'  =  +  — 3^  =  -  0.0014394 


From  these  four  quantities  it  is  easy  to  conclude  that  the  secular  terms  are 


"^^^  =  —  0.0001530?!^  sin  (  —  ^)  —  0.001837271*  cos  (  —  ^) 
r  =  —  0.0000765*1*  cos      g)  +  0.0009186^*  sin  (  —  g) 
=  —  o.ooo4354n*  sin  (  —  ^)  +  0.0000230*1*  cos  (  —  ^) 

The  terms  of  nd^  and  which  depend  on  the  elongation  of  the  Earth  from  Ju- 
piter»  are 

ndz  =  +  o".i225  sin  (  5  -  H )  v  =  +  o".i225  cos  (5  -  U) 

Action  of  Mars  on  Jupiter. 

In  this  case 

log  a  =  9.4666639        log  h[''      =  0.31071  log  =  9.48119  log        =  9.48360 

^""^"^dt^  ^•977<>5  log  a  ^  =  9.51039 

"^5^=  9.05994  log  o?-^  =  8.83323 

The  constant  term  of  v  is 
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The  non-periodic  portion  of     contains  the  terms 
a'  I 

—  =  [8.58050]  (e^  +      -  [9.18256]  sin^  -J  -  [8.44029]  e&  cos  (IT  ^  11) 

In  which  we  have  1 

log  sin  J  =  8.3988  n'  =     24'  1T=  329**  46' 

Whence  we  conclude  that  the  secular  terms  are 

//  // 
ndz  =  +  o.ooo2i38«<  sin  (  —  ^)  —  o.ooo22i7«^  cos  (  —  g) 

y  =  +  0.000106911^  cos  (^9)  +  0.0001  io8n*  sin  (  —  g) 
JH—,  =  —  o.ooooi86n<  sin  (  —  fl)  —  o.oooi2S7n<  cos  (  —  g) 

cos  %  \  \ 

Action  of  Mercury  on  Saturn. 

In  this  case 

log«  =  8.6081398  log      =  0.3012  log  a^i-=  7.2171 

The  constant  term  of  v'  is 

=  +  o''.oi38 

The  non-periodic  portion  of  ^  contains  the  terms 

J'=  [6.79x8]     +      -  [7.3939]  sin^  i J  -  [S-7977]  «^  cos  (W  -  7T) 

In  which  we  have 

log  sin  J  =  9.0469  iT'  =  64°  18'  n=  49**  27' 

Whence  we  conclude  that  the  secular  terms  are 

//  // 
n'd^^  =     o.oooooo?i'*  sin  g'  —  o.ooooo5«'^  cos  g' 

V*  =     o.oooooon'^  cos  g^  —  o.ooooo2«'<  sin  g* 
=  4.  0.00000571'^  sin  g^  +  o.ooooo2n'<  cos  g' 

cos  1 

Action  of  Venus  on  Saturn. 

In  this  case 

log  a  =  8.8796559  log      =  0.3017  log  a-g^  =  7.7621 

The  constant  term  of  v'  is 

7^'  =  4-  0".l624 
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The  non-periodic  portion  of  ^  contains  the  terms 

~  =  [7.3380]  (ea  +  e«)  -  [7.9401]  sin^  ^  J  -  [6.6153]  ee'  cos  {IF  -  7T) 

In  which  we  have 

log  sin  J  =  8.5544  ^  =  61**  44'  ^      ^  ^    Jr=ioio  4' 

Whence  we  conclude  that  the  secular  terms  are 

//  // 
n'Sz*  =  +  o.ooooo27i'<  sin  g'  —  o.ooo235n'f  cos  g' 

v'  =  —  o.oooooin'^  cosp'  —  0.0001  i7n'*  sin  g' 
«' 

—-J,  =  +  o.oooo67n'^  sin  g'  —  0.00003671'^  cos 

cos  * 

The  terms  of  n'6z'  and  v\  which  depend  on  the  elongation  of  Venus  from  Sat- 
urn, are 

n'6z'  =  +  0^.0369  sin  (  9  —  ^  )  =  +  o".o369  cos  (  9  —  ^  ) 

Action  of  the  Earth  on  Saturn. 

In  this  case 

log  a  =  9.0203181  log     =  0.3022  log  ot-^^  =  8.0460 

The  constant  term  of  r'  is 

o".2i47 

a' 

The  non-periodic  portion  of     contains  the  terms 
a'  I 

—  =  [7.6236]  (e'  +      -  [8.2257]  sin^  -  J  -  [7.0413]  «^  cos  (iP  —  iT) 

In  which  we  have 

log  sin  J  =  S.e^S'j  .   TP  =  1570  46'  JT=  168**  i' 

Whence  we  conclude  that  the  secular  terms  are 

//  // 
n*6x^  =  +  o,ooooo4«'/  sin  g'  —  o.ooo579«V  cos  g' 

=  —  o.ooooo2«V  cos^ir'  —  o.ooo289«'/  sin  g' 
=  +  0.000086/?'/  sin  g'  +  0.000212/?'/  cos  g* 

The  terms  of  n'S^  and  y\  which  depend  on  the  elongation  of  the  Earth  from 
Saturn,  are 

n*6z*  =  +  o".o672  sin  (  5  —  ^  )  v'  =  -h  o".o672  cos  ( a  —  ^ ) 
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Action  of  Mars  on  Saturn, 

In  this  case 

log  a  =  9,2032152  log  5^"=  0,3038  log  = 

The  constant  term  of  r'  ia 

=  +  ©''.0226 

a' 

The  non-periodic  portion  of  ^  contains  the  terms 
a'  I 

— =  [8.0014]  (e»  +  e'^)  -  [8.603s]  sin=*  -  J  -  [7,6012]  ee'  cos  (H'  - 

In  which  we  have 

log  sin  J  =  8.6153  77'  =  113*'  S'  7/=  3560  ig' 

Whence  we  conclude  that  the  secular  terms  are 

//  // 
.  n'ds^  =  —  o.oooo44«V  sin  g'  —  0,000  r  7  2«V  cos 

=  +  o.oooo22«'/  cos  g'  —  c.oooo86«V  sin  g* 
-TTTjjss  +  0,000051;?'/  sin  ^r'  +  o,oooo22«V  cos  ^ 


CHAPTER  VIIL 


PERTURBATIONS  OF  THE  SECOND  ORDER  WITH  RESPECT  TO  DISTURBING  FORCES  IN  THE  LONQI- 
TUDES  AND  RADII-VECTORES,  ARISING  FROM  THE  MOTUAL  ACTION  OF  JUPITER  AND  SATURN- 
DERIVATION  OF  THE  FACTORS  OF  ST  AND  $T, 

Having  completed  the  determination  of  all  the  perturbations  of  the  first  order 
with  respect  to  the  disturbing  forces,  we  now  arrive  at  the  consideration  of  those  of 
the  second  order.  And,  in  the  first  place,  we  confine  our  attention  to  those  of  the 
fundamental  arguments  and  radii- vectorea  which  arise  from  the  mutual  action  of  Jupiter 
and  Saturn.  The  more  important  part  of  these  perturbations  arises  from  attributing 
to  the  variables  involved  in  T  and  T'  no  longer  elliptical  values  but  elliptical  values 
augmented  by  the  perturbations  of  the  first  order. 

In  a  similar  manner  to  Hansen's,  we  can  put  for  Jupiter 

6T  =  Andz  +  By  +  Cd^  +  D-^  +  E-^  +  Fn'dz'  +  Qv'  +  H-J^, 
'  «o       cost  '    cost  ^  ^       ^  cost' 

and  for  Saturn 

ST  =  A'n'Sz'  +  B'v'  +  G'S^  +  D'-^,  +  E'-^  +  Wndz  +  GV  +  H'-^^ 

Ao        cost'^    cost'  '  '  cost 

Here  Ui  and  Ui  denote  the  diff'erential  coefficients  of  u  and  u'  with  respect  to  the 
time.  In  the  present  chapter  we  shall  be  engaged  in  determining  the  factors  entering 
into  the  right  members  of  these  two  equations. 

Of  these  factors,  two  are  very  readily  found,  viz,  A  and  F.    For,  evidently. 


dT  dT 
dg  ^  "  dg' 


As  to  B,  we  have 

Then,  supposing  T  to  have  the  form 


.  dn  ^  ^  da 

(where  the  reader  is  asked  not  to  confound  this  A  and  B  with  the  same  symbols  de- 
noting two  factors  of  5T),  we  can  suppose  that  B=V+X,  where  V  denotes  the  por- 
tion of  B  which  arises  from  making  the  forces  in  T  variable  with  respect  to  r,  and  X 
the  portion  which  arises  from  making  the  multipliers  A  and  B  so  variable.  Then  it  is 
plain  that  V  has  the  expression 

,      dn         ^  d£l 
dg  dr 
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In  order  to  find  X  we  take  the  expression 
whence 

X  =  2-  cos  {/—  a?)       +  2-  sin  (/—  a?)  r-^ 

cos        *"  '  d/  ^  r       ^       ^  J 

But  we  have 

^12     er  sin  /  d>Q 
"3^    a*  cos  ^  d</     a  cos*  ^  W 

Thus 

a*  COST  <p      ^       '   ag     a  cos^  ^  L  J  ar 

Since,  in  computing  the  forces  we  have  supposed  log  r  to  be  augmented  by  the 
constant  term  of  its  perturbations,  but  in  deriving  the  multipliers  A  and  B  have  given 
to  r  its  elliptic  value,  it  follows  that,  calling  the  constant  term  of  c,  we  ought  to 
write  B(v  —  c)  +  cX  for  Bv. 

Difierentiating,  partially  with  reference  to      the  expression  for  T,  we  get 

We  note  that 

~~  cos  <p 

Whence,  it  follows  that* 

0«=2[t  +  X  +  T] 

As  to  the  other  factor  it  can  be  got  from  either  of  the  two  equations! 

We  get  D,  E,  and  H  from  the  following  equations :  % 

,    ^dn      r       dn  "1 

.    dD.  ;i 
n      A     i^.-a    ,  dZl 

•Auseinandersetzung,  Abth.  I,  8.  128,  gl.  (69). 

t  Auseinandersetzung,  Abth.  I,  ss.  128,  129,  gl.  (70),  (71). 

t  Auseinandereetzung,  Abth.  I,  e.  130^  gl.  (72). 
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Lastly,  we  have* 

In  all  these  equations  A  and  B  denote  the  same  multipliers  as  appear  in  T. 

In  these  expressions  four  functions  of  the  co-ordinates  are  present  which  did  not 

appear  in  the  determination  of  the  first-order  terms.  

For  Jupiter  we  have  t 

j.%i=l(4--)-(|)'-S(0+iS-.'^.H 
/lj:P=;«...n.{t(„.s-r;;)(0+i(|>(i7}^..a+n, 

For  Saturn  the  similar  quantities  are 

-  f      Sin  . i  (o^S  -  -) (0-  (0  ( r  Sin 

= ^ !  f  (-5  -  S)  (0-  \  (0  -  j  G)- 1 5  cf + 

For  the  principal  multiplier  involved  in  these  expressions,  from  the  data  at  page 
59,  we  have 

+  2[8.7484582]  cos  —  2[8.i564o87]  cos  g 
+  2[6.8947428]  cos  2g'  —  2[6.237S704]  cos  2g 
+  2[5.3420289]  cos  Z9'  —  2[4.6i974io]  cos  3^ 
+  2[3.9i424u]  cos  4^'  —  2[3.i2684i6]  cos  /^g 


^Anseinandersetzung,  Abth.  I,  s.  130,  gl.  (74). 
t  Anseinandersetzung,  Abth.  I,  8,  120. 
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We  then  multiply  the  expression  for  (^-^^  ,  given  at  pages  53-56,  by  this  factor, 
and  the  product  again  by  three-fourths  of  this  factor,  and  thus  obtain 


\  a' 

{|')'^in(/+i7) 

COS. 

sin. 

COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

i'  i 
0  0 

— 5.02721 

+  2.  59302 

— 0.  29 

+0'  35 

0 —  I 

-j-o.  567068 

+  1.175051 

—0.  ^U^^^i 

— 0.  244035 

— I.  70 

-^4.07 

— 4'  57 

0 —  2 

+0. 07576 

— 0.  06441 

-»-0  OIOOO 

-4-0  01861 

 0  It 

— Lo  i{\ 

0—  3 

— 0. 00476 

—0. 00399 

-|^o.  02 

01 

—0. 04 

+0.  04 

0 —  d. 

 0  00018 

+0.  00002 

— 0.  00005 

1+  3 

— 0.00080 

+0.00015 

+0. 00014 

0.00000 

1+  2 

-(-0. 00431 

+0. 01246 

— 0.00008 

— 0.  00258 

+0. 02 

— 0.  06 

— 0. 03 

+0,  08 

-|-o.  1 602 1 

—0. 09824 

— 0. 04441 

+0. 00915 

+0. 63 

+0.43 

—0. 76 

— 0.  52 

I  0 

—1. 531692 

— I.  210440 

+0.401926 

+0. 535226 

— 4.01 

+2.  80 

+3.66 

—2.  50 

I —  I 

— 1.825288 

+8. 852622 

+0. 925569 

—4-560693 

+0.58 

+0.  42 

 yQ 

— 0.  49 

I —  2 

+0.  709941 

— 0. 097781 

—0. 075858 

+0.075590 

—3.47 

— 0.  73 

+4.  40 

+0.  92 

I—  3 

—0.01743 

— 0. 04487 

_l_o  00860 

-t-o  00876 

-l-o  oc 

 24 

— Ln  10 

-j-O. 

I—  4 

— 0. 00255 

+0. 00146 

_J_0  OOOC7 

 0  00026 

+0.  01 

+0.  01 

—^0.  02 

— 0. 01 

I—  5 

+0. 00013 

+0. 00014 

— 0.  00003 

 Q_ 00002 

2+  3 

— 0.00010 

— 0. 00001 

+0,  00002 

0.00000 

2-\-  2 

—0.00033 

+0.00168 

+0. 00013 

—0.  00028 

0.00 

+0.01 

2+  I 

+0. 02574 

— 0.00012 

—0. 00526 

— 0. 00182 

+0. 10 

— 0.  01 

-0.15 

—0.  01 

2  0 

—0. 094530 

— 0. 301683 

— O.OOI9I3 

+0. 089814 

— 0.  38 

+  1. 00 

+0.44 

—1.04 

2 —  I 

— 1. 760858 

+  1.573472 

+0.  768184 

—0. 486025 

—3.  10 

—2,97 

+2.44 

+2.42 

2 —  2 

+6,575664 

+2. 851119 

-3-383346 

.—1.442006 

— 0. 65 

+0.  62 

-}-o.  7s 

-0.  79 

2—  3 

4-0. 123630 

—0. 299932 

-<».  007497 

—0. 053802 

+0.  02 

— 2.  61 

— 0.  01 

+3-55 

2—  4 

—0. 02072 

+0. 00326 

— 0.  007  J I 

-to  I  I 

-f  0.  II 

— 0.  07 

— 0. 17 

2—  5 

+0. 00024 

+0. 00146 

2 —  0 

-}-o,  00010 

— 0. 00002 

• 

3+  2 

— 0.00014 

+0.00016 

+0. 00003 

— 0.00001 

3+  I 

+0. 00294 

+0. 00170 

— 0. 00044 

— 0. 00051 

+0.01 

— 0. 01 

— 0. 02 

+0,02 

3  0 

-|-o.  01214 

—0, 04496 

—0, 00670 

+0. 00934 

+0.04 

+0.17 

—0.04 

— 0.  21 

3—  I 

—0. 443932 

H-o. 054753 

+0. 143260 

+0. 019989 

—  I.  22 

—0.  20 

+1. 14 

+0.  24 

3—  2 

+1.264647 

+2. 048382 

— 0, 422232 

— 0. 897606 

+  1.77 

-2.81 

-1-33 

+  1.99 

3—  3 

+3.04058 

—4. 27059 

—1.53345 

+2,  I969I 

— 0.  67 

—0.  69 

+0.  88 

+0.  82 

3—  4 

— 0. 02192 

—0. 1 63 14 

— 0. 12479 

+0.01842 

+  1.76 

—0. 37 

-2.55 

+0.52 

3-  5 

+0.00413 

+0. 00813 

— 0. 00839 

—0. 00637 

+0. 10 

+0.01 

—0.  14 

— 0. 03 

3-6 

+0. 00099 

+0. 00016 

—0. 00046 

—0.00045 

3—  7 

+0. 00019 

— 0. 00008 

— 0. 0001 1 

+0.00001 

4+  I 

+0, 00021 

+0. 00037 

—0.00001 

— 0.  00008 

4  0 

+0. 00469 

—0.00445 

— 0. 00133 

+0. 00054 

+0.01 

+0. 02 

— O.OI 

— 0.  02 

4—  I 

—0.065543 

—0. 032528 

+0. 014718 

+0. 014596 

—0.23 

+0. 10 

+0.  24 

— 0. 10 

4—  2 

—0, 023878 

+0.535892 

+0.046419 

— 0. 183692 

— O.OI 

— I.  22 

— 0. 03 

+  1.02 

4-  3 

+2,  030304 

-0. 783534 

— 0. 898122 

+0. 263698 

+2.  18 

+0.81 

-1.43 

^•59 

4—  4 

—2.  43782 

—2. 68073 

+1.25694 

+1,34814 

+0. 56 

— 0.  68 

—0.67 

+0.90 
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(«'S- 

IK- 

(^)'^in(/+i7) 

COS. 

sin. 

COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

i'  t 

— 0. 1141 

— 0, 1218 

— 0. 0020 

+0. 1438 

4-0  Co  ■ 

1 .  10 

I. 

4—  6 

4-0. 0048 

— 0. 0082 

— 0. 0077 

-|-o.  0086 

-f-0. 04 

+0.09 

—0.06 

—0.  12 

— 0. 0007 

— 0. 0006 

-|-o.  0006 

5  0 

+0.0009 

—0.0003 

— 0. 0002 

-j-o.  0001 

S—  I 

—0. 00569 

—0. 00939 

4-0. 00050 

-f  0. 00273 

-t-o.  03 

4-0  01 

— 0.  050I07 

-\-o.  079790 

 0.  019233 

 24 

4-0  14 

4-0  24 

J  3 

-|-o.  120960 

— 0. 107^81 

— 0. 07701 1 

+  1.  08 

 22 

 0. 83 

4-0  I  e 

^ —  4. 

— 0.  '?I?Q26 

—  I.  777410 

-|-o.  090186 

-f-o.  793893 

— 0»  21 

-f-I.  52 

+0.  18 

—0.  91 

?   S 

— 2.  0842 

1902 

-|- 1 . 0454 

—0.6186 

4-r>  6^  ' 

4-0  -28 

-J-W.  JO 

 0.  84 

5—  6 

— 0. 1657 

-|-o.  0437 

-|-o.  1 291 

-f-o.  0264 

 0,  62 

-f-w.  40 

4-0  qC 

 7Q 

5 —  7 

— 0.  0105 

— 0.0056 

+0. 0078 

+0. 0087 

— 0.  06 

+0-  05 

+0.  07 

—0.  07 

5—  8 

— 0, 0006 

— 0. 0009 

-|-o.  0002 

-f-0. 0010 

6 —  I 

0.0000 

— 0.0017 

0. 0000 

+0, 0004 

6 —  2 

— O.OI5I7 

-{-0. 00584 

+0. 00460 

— 0. 00023 

—0.  04 

02 

+0. 02 

0—  3 

-f-O.  O0I9O 

-\-o.  O03DI 

—0.  ozouy 

0.  03359 

-|-o.  20 

2 1 

 21 

6 —  4 

4-0.  2070 

— 0.  4077 

— 0. 1060 

4-0.  1836 

+0.  81 

 ri  Co 

0.  ^y 

6—  5 

— 1. 404^ 

— 0.  0*110 

4-0.  6*127 

-f-0. 0452 

+0. 08 

_Lo  40 
-[-u.  4y 

—0.  02 

6—  6 

-t-o.  4461 

-1- 1 .  47 1  2 

— 0.  2381 

— 0.  7361 

 22 

4-0  C7 

4-0  24 

 0,  72 

6—  7 

— 0.  0I2I 

4-0. 1528 

-|-o.  0421 

— 0. 0994 

 35 

u.  31 

4-0. C8 

6—  8 

— 0. 0070 

4-0.  OO07 

+0. 0092 

— 0.  OOK'i 

— 0. 06 

— 0.  02 

+0.09 

+0.  03 

6 —  9 

— 0. 0009 

-|-o.  0005 

-f-0. 0009 

0.0000 

7—  2 

— 0.0023 

— 0.  0005 

+0. 0006 

-|-o.  0003 

7—  3 

+0. 0042 

-|-o.  0206 

+0. 0004 

— 0.0064 

4-0.  02 

— 0.  05 

^—0. 01 

— pO.  00 

7—  4 

-\-o.  1028 

 0.  0712 

— 0. 0407 

-\-o.  0183 

— Ln  9  "J 

 ig 

— -o.  15 

— 0.  xqZk 

— 0.  261 1 

4-0.  i?oo 

4-0. 1220 

 n  ec 

0.  55 

+0. 39 

-f-o.  30 

—0. 24 

7—  6 

— 0.  2';'?Q 

-f-0. 1248 

— 0.  4^q8 

0.  17 

^— 0.  52 

^-0. 06 

— '9  "7 

-[-o.  23 

7 —  7 

— 0.  0613 

— 0.  4770 

V,  tff 

4-0.  0408 

~-o.  41 

 0.  08 

+0,  08 

7—  8 

4-0.  1 1  ?Q 

4-0. 04^1 

— 0. 0677 

— 0. 047 

^-0. 12 

24 

 21 

-f-u.  42 

7—  Q 

-|-o.  0074 

4-0.  oog^ 

— 0. 0031 

— 0. 0088 

+0.03 

—0.09 

0.00 

-f-o.  07 

7 — 10 

-[-0.  OOO*? 

 0.  0002 

-f-0. 0001 

— 0. 0002 

8—  3 

— 0.0012 

+0. 0033 

-|-o.  0005 

— 0, 0008 

8—  4 

+0. 0248 

— 0. 0008 

— 0. 0079 

—0.0016 

+0.  01 

06 

0. 00 

0 —  5 

— 0. 05 1 3 

— |-o,  0124 

_]_/-\    ft  J  ijn 

-f-o,  0439 

—0.  10 

+0.  23 

+0.07 

—0. 17 

8—  6 

— 0,  2767 

VI  Vf 

4-0. 2846 

-f-o.  1260 

— 0. 1082 

—0.35 

— 0. 33 

+0.  21 

+0.22 

8—  7 

+0. 6718 

4-0.  '?I24 

— 0. 3064 

— 0.  IK'IQ 

+0.  27 

—0. 18 

— 0.  06 

+0.05 

8—  8 

+0. 1004 

— 0. ?74I 

— 0. 0430 

-j-o.  2862 

+0.  02 

— 0.  30 

— 0.  03 

+0.41 

8-  9 

+0. 0544 

—0.0758 

—0.0433  . 

-f  0. 0407 

+0.13 

+0. 07 

— 0.  27 

— 0.04 

0  10 

-{-0.0091 

— 0. 0039 

— 0. 0073 

-)-o.ooo9 

+0.01 

+0.02 

—0. 10 

— 0. 02 

8-1 1 

-I-0.0009 

-l-o.oooi 

—0.0007 

— 0. 0004 

9—  4 

+0. 0039 

-|-o,  0022 

—0.0010 

—0.0009 

9-  S 

-|-o.  0036 

—0. 0267 

— 0. 0030 

+0. 0087 

+0.01 

+0.06 

— O.OI 

—0.06 

9 —  6 

— 0. 1095 

-l-o.  0279 

+0.0433 

— 0. 0050 

—0. 19 

— 0.04 

+0.15 

+0.03 

'-' 

+0.1783 

-{-0. 2592 

—0. 0675 

— 0. 1 160 

+0.17 

—0.  29 

— 0.  12 

+0. 18 

204 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


%  i 
9-  8 

9—  9 

9— lo 

9— II 

9—12 

10 —  4 
lo-  5 
10 —  6 
lo-  7 
lo—  8 
lo —  9 
10— lo 
10 — II 
10 — 12 


I 
I 
I 
I 
I 
I 
I 
I 

12- 
12- 
12- 


—  5 

—  6 

—  7 

—  8 

—  9 
— lO 
— II 

— 12 

6 

7 

8 


12—  9 
12—10 
12— II 
12—12 


K.-s)(ir 


-f-o.  3082 

—0.3177 

— o.  0430 
— o.  0015 
+0, 0002 

-)-o.ooo4 
+0, 0032 
— o.  0256 
+0. 0059 
+0. 2205 
— o.  2225 
— o.  1265 
—0.0415 
— 0.0063 

-I-0.0009 
— 0.0038 
— o.  0118 
+0. 0807 

—0.0347 

— o. 1989 
+0. 0697 
-fo.  0065 

— o.  0002 
— 0.0051 
+0.0I8I 
+0. 0225 
— o.  1308 

+0.0358 

+0. 0701 


— o.  4072 
— o. 1409 
— o.  0512 
— o.  0080 
—0.0007 

+0. 0007 
— o.  0039 
— o.  0081 
-fo.  0980 
— o.  0938 
— o.  2608 

+0. 1594 

-j-0. 0202 
— o.  0005 

— 0.0004 
— o.  0042 
+0. 0223 
-f  o.  0108 
— o.  1730 

+0. 1047 
+0.0945 

+0. 0298 

— 0.0010 
+0. 0028 
+0.0148 
— o.  0634 

—0.0035 
+0. 1474 

— o.  0207 


— o.  1482 

+0. 1585 

+0. 0212 
— o.  0004 
— 0.0004 

0.0000 
—0.0013 
+0. 0085 
+0. 0024 
— o.  0980 
+0. 1020 

+0. 0595 

+0. 0263 
+0. 0040 

— o.  0004 
+0. 0009 

+0,0055 

— o.  0320 
+0.  Olio 

+0. 0943 

— o.  0351 
— o.  0015 

0.0000 
+0. 0020 
— 0. 0062 
— o.  0122 
+0. 0602 
—0.0154 
— o.  0372 


+0. 1864 

+0. 0652 

+0. 0354 
+0. 0056 
+0. 0005 

— o.  0003 
+0.0010 
+0.0044 
— o.  0388 

+0.0345 
+0. 1243 

— o.  0796 
— o.  0086 
+0. 0014 

0.0000 
+0.0016 
—0.0075 

— o.  0075 
+0. 0766 
— o.  0480 
— o.  0444 
— 0.0177 

+0. 0003 
— o.  0007 
— o.  0067 
+0. 0259 

+0. 0055 
—0.0739 

+0, 0107 


+0. 14 

+0,  10 
+0.  II 

+0. 03 


— o.  05 
0,00 

+0.  22 

-0.15 
+0.07 

0.00 
+0. 01 


—0.03 
+0.13 

— o.  17 

+0.04 

+0.  02 

— o.  04 


+0.04 

— o.  06 
— o.  05 

+0.05 

+0.01 


+0. 08 
+0. 18 

-^o.  02 
0.00 


+0. 02 

-0.15 

+0.  06 

+0.18 

+0.  01 

— o.  06 

— O.  01 


— o.  04 
0.00 
+0.01 

+0.14 

— o.  05 
— o.  01 


o.  00 
— o.  06 

+0.09 

+0.  02 

+0.01 


-K-s;;)x 


em. 


+0. 02 
— o.  25 

+0. 05 

+0.  02 


+0. 05 

— o.  03 
+0. 10 
— o.  25 

+0.13 

— o.  05 
0.00 


o.  00 

+0.07 

— o.  14 
+0.  06 
— O.  01 

— o.  05 


+0. 03 
— o.  03 
— o.  03 
+0. 06 
— o.  08 


— o,  02 

+0.04 
-0.15 

— O.OI 


— o.  02 

+0. 13 
-0.13 
+0.04 

— o.  07 
— o.  09 
— 0.02 


+0.05 

— o.  06 
— o.  03 

+0. 07 

— 0.09 

-LO.OI 


o.  00 
— o.  05 

+0.  08 

— o.  03 

— O.OI 


In  order  to  form  the  expressions  for  the  forces  in  the  second-order  terms  we  still 
need  developments  for  the  two  quantities 

The  expression  for  0^  is* 
with  a  similar  formula  for 


*Anseinaiider8etzung,  Abth.  I,  e.  179. 
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When  the  numerical  values  of  e  and    are  substituted  we  obtain 

'\  3 

f  j  =  [0.00205]  +  2[8.92625]  cos  g'  +  2[7.8soso]  cos  2g'  +  2[6.766o4]  cos  sg' 
[0.00152]  +  2[8.86o66]  cos  g  +  2[7.7i983]  cos  2g  +  2[6.57045]  cos  sg 

The  expressions  for  the  factors  ^  sin  (f+H)  and  ^  sin  (/  +  i7')  have  ah-eady 
been  given  (page  60),  and  we  obtain  the  products 


Arg — 1  g  -]-ig 

(^yi  Bin  (/+77) 

Arg=riy+t5f 

I  /a\3 

8in(/+i7) 

SID, 

COSt 

sin. 

COS. 

i'  i 

i'  i 

0  0 

+0.  066 

0  0 

— 0. 308 

0—  I 

+0.415 

—0.914 

I  0 

—4. 984 

+3-  657 

0 —  2 

+0.  010 

— 0. 022 

2  0 

— 0.  140 

+0. 102 

0—  3 

0. 000 

— 0. 001 

3  0 

— 0.  006 

+0.004 

1+  2 

— 0. 001 

— 0. 002 

—2 —  I 

+0.010 

+0. 007 

1+  I 

—0.035 

—0.077 

+0. 360 

+0.  264 

I  0 

0.000 

+0. 01 1 

0 —  I 

0.000 

— 0. 045 

I —  I 

+0-035 

— 0. 077 

— 0. 360 

+0.  264 

I —  2 

+0.001 

— 0. 002 

2—  I 

— 0.010 

+0. 007 

2+  I 

—0.003 

—0.006 

— 2 —  2 

+0.001 

+0. 001 

2  0 

0.000 

+0.001 

— I —  2 

+0.  026 

+0.019 

2 —  I 

+0. 003 

— 0.006 

0 —  2 

0.000 

—0.003 

3+  I 

— 0.001 

I —  2 

— 0.  026 

+0.019 

0.000 

— 0.001 

2—  2 

— O.OOI 

+0.001 

3—  I 

0.000 

—I—  3 

+0. 002 

+0. 001 

I—  3 

— 0.002 

+0.001 

We  are  now  able  to  get  the  four  functions  severally  for  Jupiter  and  Saturn,  the 
remaining  data  required  being  found  in  Chapters  I  and  11. 


COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

V  i 

0  0 
0—  I 
0—  2 

0-  3 
0-  4 

// 

+  21.  2696 

—  3. 22710 

—  0.  1675 
+  0.0170 
+  0.0003 

// 

—  3. 26268 
+  0.2695 
+  0.0087 

—  0.0010 

/f 

+0.  900 
+0. 185  . 

// 

-fO.  146 
— 2.060 

+0. 149 

// 

—0.  1825 
—0. 0507 
+0.0015 
+0.0001 

// 

— 0. 0279 

+0. 4243 
— 0. 0376 
— 0.0028 
+0.0001 

// 

— 0. 809 
—0.  234 
+0. 023 

/ 

—0. 150 
+1.890 
— 0.  219 
—0. 023 

1+  3 
1+  2 

I  0 

+  0.0026 

—  0.  0016 

—  0.  5939 
+  4.  69009 

0.0000 
—  0. 0401 
+  0. 1297 
+  5. 11622 

—0.  008 
—0.  333 
+  1-655 

+0. 032 
— 0,  224 

—1. 139 

— 0. 0003 
+0. 0036 
+0. 0767 
-0.  5053 

— 0. 0002 
— 0. 0066 
+0. 0442 
+0.  3533 

+0.015 
+0.  380 
—1.852 

—0. 043 

+0.  234 
+1.  269 

( 
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4- 

(*Sl 

ar~ 

^  ^drdZ 

aa 

dZ/ 

aa'r 

drdZ' 

C08* 

Bin. 

sin. 

COS. 

Bin* 

Bin. 

COS. 

< 

// 

// 

// 

// 

// 

ii 

// 

I 

+  6. 54843 

—32.97927 

— 303 

—0.215 

+0. 0995 

+0. 0488 

+0.  372 

+0.215 

2 

—  I. 19864 

+  1.65391 

+1.798 

+0. 379 

— 0. 6050 

—0.  1315 

— 2.  228 

— 0.  464 

3 

+  0. 1290 

-f  0.  1624 

— 0. 030 

+0. 128 

— 0. 0052 

— 0. 0301 

+0. 050 

—0. 169 

4 

+  0.0096 

—  0.0032 

+0, 0008 

—0.0001 

+0.0U 

0.000 

5 

—  0.0010 

—  0.0003 

• 

2+ 

3 

+  0.0003 

0.0000 

2+ 

2 

+  0.0019 

—  0.0045 

0.0000 

— 0.0009 

2+ 

I 

—  0.0748 

—  0.0253 

— 0. 050 

+0. 010 

+0.0133 

+0. 0005 

+0. 076 

0. 000 

2 

O 

—  0,08518 

+  0.98315 

+0. 153 

— 0. 486 

— 0. 061 1 

+0.  1189 

— 0.  222 

+0.  541 

2 — 

I 

+  10. 24927 

—  3.07938 

+  1.566 

+  1.503 

—0.  2762 

—0.  2742 

—I.  265 

—1.258 

2 — 

2 

—48. 84956 

—20.  69473 

+0. 332 

— 0. 332 

—0. 1062 

+0. 08 1 1 

-0.  395 

+0. 414 

2 — 

3 

+  0.05380 

-  1.03378 

— 0. 012 

+  1.377 

+0. 0018 

—0. 4024 

0.000 

—1. 840 

2 — 

4 

+  0. 1300 

—  0.  1239 

— 0. 058 

+0. 033 

+0. 0105 

— 0.0162 

+0.  091 

— 0. 038 

2 — 

5 

4-  0.0032 

—  0.0077 

0.0000 

— 0. 0003 

3+ 

—  0.0064 

—  0.0077 

+0.0016 

— 0.0007 

+0.  on 

— 0.  on 

3 

o 

—  0*0995 

+  0. lOII 

— 0. 027 

— 0. 085 

+0. 0005 

+0.0212 

+0. 023 

+0.  Ill 

3 — 

I 

+  I. 91765 

+  0,  79348 

+0. 627 

+0.095 

— 0. 1 140 

—0. 0327 

—0.598 

—0. 123 

3— 

2 

—  5.14840 

—14. 27037 

— 0. 916 

+  1.452 

+0. 1 23 1 

— 0.  1900 

+0. 702 

—1.051 

3— 

3 

—26. 1007 

+37.5759 

+0.359 

+0. 364 

—0. 0806 

—0. 0941 

— 0.  464 

— 0. 426 

3— 

4 

—  2.4779 

+  0. 1749 

— 0. 939 

+0. 198 

+0.  2420 

-0. 0515 

+1.346 

—0.  272 

3— 

5 

—  0. 1595 

—  0. 1425 

-0.  055 

— 0. 005 

+0.0155 

—0.001 1 

+0. 073 

+0.019 

3— 

6 

—  0.0083 

—  0. 0103 

+0. 0006 

— 0. 0003 

3- 

7 

—  0.0032 

+  0.0006 

4+ 

0. 0000 

—  0.0013 

+0. 0001 

— 0. 0002 

4 

0 

—  0.0193 

+  0.0042 

+0. 0015 

+0. 0026 

0. 000 

+0. 01 1 

4 — 

I 

+  0. 17361 

+  0.27159 

+0.  123 

— 0. 052 

— 0. 0229 

+0. 0052 

— 0. 127 

+0.054 

4— 

2 

-j-  1. 16692 

—  2.82988 

+0.  010 

+0. 640 

+0. 0072 

— 0.0918 

+0. 015 

—0. 541 

4 — 

3 

-15. 95049 

+  3.61154 

—I.  145 

— 0. 430 

+0. 1 154 

+0.0437 

+0. 763 

+0.318 

4 — 

4 

+24. 0627 

+25.6448 

—0.  298 

+0.  367 

+0. 0668 

—0. 0746 

+0. 353 

— 0. 479 

4 — 

—  0. 180 

+  3- 

— 0.  267 

— 0.  596 

+0.0612 

+0. 1335 

+0.  387 

+0.  870 

4 — 

6 

—  0. 180 

+  0. 176 

— 0.  021 

— 0. 047 

+0. 0061 

+0. 0108 

+0. 030 

+0. 065 

4— 

7 

—  0.013 

+  0.013 

+0. 0006 

+0. 0005 

5 

o 

—  0.  OO"? 

+  0.002 

+0.  ooo-? 

+0. 0002 

s- 

I 

—  0.0013 

+  0. 0446 

+0, 014 

— 0.014 

— 0. 0029 

+0. 0026 

— 0. 015 

+0, 023 

5— 

2 

+  o- 45743 

—  0.  24968 

+0.093 

+0. 128 

— 0. 0091 

— 0. 0202 

—0. 076 

—0. 127 

s- 

3 

—  3  38332 

—  I.  77554 

—0.576 

+0. 118 

+0. 0649 

—  0. 0082 

+0. 445 

— 0. 081 

5- 

4 

+  1.07637 

+15-35642 

+0. 112 

—0.812 

— 0. 0083 

+0. 0623 

—0.  100 

+0. 491 

5- 

S 

+21.  509 

—12.841 

—0. 341 

—0.  204 

+0. 0627 

+0. 0397 

+0. 452 

+0, 234 

s- 

6 

+  2.839 

+  0. 674 

+0. 338 

— 0.  249 

—0. 0674 

+0. 0519 

—0.514 

+0. 380 

5- 

7 

+  0.  170 

+  0.205 

+0. 032 

—0. 027 

— 0. 0060 

+0. 0071 

—0. 038 

+0. 038 

5- 

8 

+  0.003 

+  0.026 

— 0. 0002 

+0. 0007 

6— 

I 

0.000 

+  0.006 

—0. 0002 

+0. 0005 

6— 

2 

-f  0.0796 

+  0.0109 

— 0. 0034 

— 0. 0025 

—0. 027 

— 0.  on 
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Axg=i'9'+ig 


dr 


COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

sin. 

00s. 

si  2 
%  % 

ft 

n 

a 

// 

// 

^  3 

—  0. 2936 

—  0. 6683 

— 0. 106 

+0,  112 

+0.0153 

— 0.0109 

+0.  Ill 

— 0.081 

6 —  4 

—  2. 355 

+  3-417 

—0.  185 

—0.438 

+0.074:3* 

+0.0412 

+0. 123 

+0.318 

6-  5 

+  13-074 

+  1-335 

+0-513 

— 0.044 

— 0. 0291 

+0. 0037 

— 0. 268 

+0. 008 

6-  6 

—  5-267 

— 16. 052 

+0. 119 

— 0.  287 

—0.0193 

+0. 0482 

— 0. 127 

+0. 391 

6-  7 

+  1.023 

—  2.268 

+0. 195 

+0.  172 

— 0, 0376 

—0.0305 

—0.314 

—0. 261 

6—  8 

-|-  0.221 

—  0. 115 

+0. 032 

+0.013 

— 0.0060 

— 0. 0026 

— 0. 050 

— 0.015 

6-9 

-i-  0.023 

+  0.003 

— 0,0006 

0.0000 

7 —  2 

-j-  0.010 

-|-  0.006 

— 0. 0007 

— 0.0001 

7—  3 

-|-  0.026 

—  0. 115 

—0.008 

+0.  028 

+0. 0018 

— 0. 0037 

0.000 

— 0.030 

7—  4 

—  0. 847 

+  0. 279 

— 0.  125 

— 0.  083 

+0. 0108 

+0. 0100 

+0. 100 

+0. 081 

7—  S 

+  2.977 

+  2.750 

+0. 298 

— 0. 209 

—0.0234 

+0. 0149 

— 0. 207 

+0. 130 

7—  6 

+  2.878 

—10. 005 

+0. 087 

+0.  282 

— 0. 0053 

— 0. 0109 

—0. 030 

— 0. 127 

7—  7 

—10. 879 

+  0. 985 

+0. 225 

+0. 041 

— 0. 0344 

— 0.0060 

— 0. 299 

—0.043 

7—  8 

—  I- 595 

—  1.158 

— 0. 063 

+0. 129 

+0.01 1 5 

— 0. 0245 

+0. 115 

— 0.  230 

7—  9 

—  0.067 

—  0.218 

— 0.017 

+0.  046 

-fo.  0006 

— 0.0044 

0.000 

— 0. 038 

7—10 

+  0.003 

0.000 

— 0. 0001 

— 0.0005 

8-  3 

-|-  0.010 

—  0.013 

0. 0000 

— 0. 0008 

8-4 

—  0.IS4 

—  0.051 

— 0. 033 

— 0. 007 

+0. 0035 

+0.0009 

+0. 030 

0.000 

8-  5 

+  0. 186 

+  0.  943 

+0. 054 

—0. 123 

— 0. 0056 

+0.0093 

— 0. 038 

+0.091 

8-  6 

+  2.887 

—  2.256 

+0. 181 

+0. 182 

— 0. 01 17 

—0.012 1 

— 0. 115 

— 0. 119 

8-  7 

—  6.947 

—  3- 635 

—0. 148 

+0.098 

+0. 0021 

— 0. 0034 

+0. 034 

— 0. 027 

8~  8 

—  0. 979 

+  6.  767 

— 0.  oil 

+0. 179 

—0.0004 

— 0, 0226 

+0. 019 

— 0.  226 

^9 

—  1-075 

-|-  0.982 

— 0. 072 

— 0.041 

+0. 0147 

+0. 0028 

+0. 150 

+0. 023 

8—10 

•  —  0, 183 

-I-  0.016 

-f-o.  0029 

— 0.0004 

+0. 058 

+0. 01 1 

8— II 

—  0.016 

—  0.013 

+0. 0003 

— 0. 0002 

9—  4 

—  0.019 

—  0.019 

+0. 0007 

— 0.0002 

9—  S 

—  0. 083 

-|-  0.  176 

— 0.006 

— 0. 029 

— 0.0001 

+0. 0030 

0.000 

+0. 034 

9-  6 

+  0.966 

~  0.051 

+0.  102 

+0. 021 

— 0. 0072 

—0.0025 

— 0. 081 

— 0. 015 

9—  7 

—  1-450 

—  2.714 

— 0. 089 

+0. 160 

+0. 0053 

— 0. 0083 

+0. 065 

—0, 100 

9-  8 

—  3-562 

+  4-366 

— 0. 078 

— 0.046 

+0.0012 

— 0. 0012 

— O.OII 

+0.01 1 

9—  9 

+  3-863 

+  1.562 

— 0. 051 

—0. 104 

+0.0139 

— 0. 0032 

+0. 138 

—0, 023 

9—10 

+  o-  523 

+  0.  892 

— 0. 063 

+0.013 

+0. 0005 

+0. 0081 

—0. 030 

+0. 081 

9~ii 

—  0.013 

+  0. 141 

—0.017 

0.000 

+0. 0007 

+0. 0017 

—O.OII 

0.000 

9—12 

—  0.010 

+  0.013 

+0.  0002 

+0.  0002 

10 —  4 

0.  000 

—  0.006 

+0.0001 

— 0.0001 

10-  5 

—  0.029 

-|-  0.019 

+0. 0003 

+0.0006 

10 —  6 

+  0. 180 

+  0.  112 

+0. 032 

— O.OII 

— 0. 0024 

+0.0004 

— 0. 027 

+0.  01 1 

10—  7 

+  0. 103 

—  0. 889 

0.000 

+0.083 

+0. 0006 

— 0. 0052 

+0.015 

— 0. 072 

10—  8 

-  2. 345 

+  0.  754 

— 0.  120 

— 0. 032 

+0. 0052 

+0.0018 

*  —0.062 

+0. 072 

10—  9 

+  2.451 

+  3.048 

+0. 087 

— 0. 098 

+0.0019 

— 0. 0003 

+0. 142 

— 0. 023 

10—10 

+  1.467 

-  1.989 

—0.035 

-|-o.  006 

+0. 0038 

+0. 0080 

—0. 076 

+0.034 

10 — II 

-j-  0.  670 

—  0.  212 

— 0. 006 

+0. 035 

—0. 0041 

+0.0015 

+0. 030 

+0. 050 

10—12 

+  0. 103 

+  0.038 

— 0.006 

-j-o.oo6 

— 0.0009 

+0. 0007 

0.000 

+0.  01 1 
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Arg=iy+i5f 

ar—^ 

dr 

""""dZ' 

,  d^a 

^^'drdZ' 

COS. 

siD. 

siD. 

COS. 

ein. 

COS. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

// 

II—  s 

— 0.  010 

0.000 

+O.OOOI 

+0. 0001 

II —  6 

+0. 013 

+0.038 

— 0. 0005 

+0. 0004 

II —  7 

+0. 133 

— 0. 164 

+0.017 

—[-0. 017 

— 0. 0006 

— 0. 0017 

0.000 

— 0. 027 

II—  8 

— 0.  71;  I 

— 0.  20Q 

— 0. 074. 

0. 000 

+0. 0034 

— 0. 0003 

— 0. 042 

+0. 034 

II —  9 

-f  0. 225 

+  1.867 

+0. 098 

+0.006 

— 0. 0002 

+0. 0029 

+0. 081 

+0.015 

1 1 — lo 

4-1.  178 
1  * .  / 

— 0.  o2g 

— 0. 070 

+O.OOII 

+0. 0016 

—0.034 

—0.043 

II — II 

— 0.  8q? 

— I.  120 

 0.  017 

+0.  07X 

— 0. 0042 

+0. 0033 

+0. 008 

+0. 050 

H — 12 

— 0.  0'\<t 

— 0,  AKQ 

4-0.  02'? 

+0.  006 

— 0. 0013 

— 0.0020 

+0. 030 

0.000 

12 —  6 

0.000 

+0. 006 

— 0.0001 

+0. 0001 

12—  7 

4-0. 048 

—0.013 

— 0, 0004 

— 0. 0003 

12—  8 

— 0. 141 

— 0. 170 

— 0. 023 

0.000 

+O.OOII 

— 0. 0007 

— 0.019 

0.000 

12—  9 

-0.324 

+0. 629 

+0.035 

+0. 040 

+0. 0007 

+0. 0020 

+0.015 

+0. 027 

12 — 10 

+1.521 

+0.173 

+0. 023 

—0. 050 

—0. 0014 

+0. 0003 

+0. 019 

— 0. 046 

12— II 

— 0. 375 

—1. 919 

—0. 029 

— 0.017 

— 0.0010 

+0. 0012 

— 0. 034 

+0.015 

12 — 12 

-0. 985 

+0.  282 

— 0.006 

— 0. 006 

— 0. 0023 

—0.0017 

+0. 046 

+0.008 

a'r'  ^ 

^  dr') 
dr* 

dr'dZ'^  dV 

dr'dZ 

COS. 

ein. 

sin. 

COB. 

sin. 

COS. 

sin. 

COS. 

i'  i 

// 

// 

// 

// 

// 

// 

ft 

// 

o  o 

+432. 962 

+  1.40 

-0. 497 

—  1.86 

I  o 

+  52-9395 

+78.1156 

+  14.46 

—  9.88 

-7.  536 

+5.621 

—27. 94 

+  I9f96 

2  O 

-  1.0354 

+  11.9696 

+  1.74 

—  4.03 

+0. 049 

—0.  530 

—  1.86 

+  4.15 

3  0 

—  0.956 

+  I- 143 

—  0. 14 

—  0.82 

— 0. 020 

— 0. 108 

+  0.13 

+  0.67 

4  0 

-  0.175 

+  0.057 

—  0.03 

—  0.09 

— 0.009 

— 0. 012 

-f  0.04 

+  0.08 

5  o 

—  0.02 

+  0.02 

— 0. 002 

— 0. 001 

—4—  I 

—  0.002 

+  0.010 

—0.001 

— 0.001 

—3—  I 

-  0.055 

+  0.061 

+  0.06 

+  0.07 

— 0. 006 

— 0.001 

—  0. 04 

—  0.04 

 2 —  I 

—  0.637 

+  0.  205 

+  0.58 

—  0.05 

— 0. 036 

+0. 029 

—  0.36 

—  O.OI 

—  I —  I 

-  5.362 

~  1.084 

+  2.97 

—  2.05 

+0. 463 

+0. 935 

—  1.57 

+  2.29 

0 —  I 

—  20. 9473 

—83.  7676 

+  14.01 

-31.68 

+  1.534 

-3-566 

—  7- 04 

+15.98 

I —  I 

-h  15.3859 

—93. 2674 

—  2.  72 

-  1-95 

—  I.  221 

+0.  258 

+  1.39 

+  2.28 

2—  I 

+  "5.7133 

—5 1 . 8406 

+  9-37 

+  9.37 

+2. 666 

+2.  534 

—12.  30 

—II.  71 

3-  I 

+  20.7068 

+  5.0202 

+  4;  38 

+  0.93 

+0. 883 

+0.  234 

—  4.74 

—  0.82 

4—  I 

-j-  1.9290 

-1-  2.3042 

+  0^92 

—  0.36 

+0. 153 

— 0. 039 

—  0.89 

+  0.37 

5-  I 

+  0.031 

+  0. 393 

+  0.  12 

—  0. 16 

+0.017 

—0.016 

—  0.  u 

+  0.  II 

6—  I 

0. 00 

+  0.06 

+0.001 

— 0. 003 

-3-  2 

+  0.004 

0.000 

— 2 —  2 

4-  0.014 

+  0.037 

0.00 

+  0.03 

+0.001 

— 0. 002 

— I—  2 

—  0. 030 

+  0. 336 

—  0.  12 

+  0.32 

+0. 046 

+  0. 023 

—  0.02 

—  0. 18 

O —  2 

—  0.372 

—  3.003 

+  2.36 

+  0.  21 

+0. 217 

+0. 096 

—  1.34 

—  1. 01 
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a'r'  ^ 

dr* 

,dn' 

dr'dZ 

COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

Bin. 

COS. 

e  i 

1-  2 

2-  2 

3-  2 

4-  2 

5-  2 

6-  2 

7-  2 

—  17.0443 
-562. 3187 

-  64.3581 
+  8.5789 
+  3-9135 

+   0. 700 
+  0.08 

// 

+  68.5236 
—238.  6124 
—145.4312 

—  28.4054 

—  2.7124 
+    0. 022 
+  0.06 

// 

+  17.38 
+  3-09 

—  5.06 

—  0.13 
+  0.51 
+  0.19 

// 

+  3.64 

—  3-03 

+  7.61 
+  3.88 

+  0.90 
+  0.09 

// 

+2.3S9_ 
+0.485 
—1. 211 
—0.045 
+0. 072 
+0. 023 
+0. 004 

// 

.  +0.569 

— 0. 339 
+  1.994 
+0.  784 
+0. 150 
-{-0. 016 
0. 000 

// 

—13.51 

—  2.54 
+  6.8s 

—  0. 01 

—  0.63 

—  0.15 

// 

—  2.79 
+  2.36 

—10.90 

—  4. 69 

—  0.92 

—  0.08 

—2—  3 
—I—  3 

0—  3 

1—  3 

2—  3 

3—  3 

4—  3 

5—  3 

6—  3 

7—  3 

8—  3 

+  0. 004 
+  0.017 
-l-  0.216 
+  0. 207 

—  4.1224 
—261. 3672 

—149. 9928 

—  31.8426 

—  3.068 
+  0.14 
+  0,08 

0.000 
-f    0. 004 

—  0.350 
+  6.174 

—  15-3762 
+373-  3284 
+  41.4181 

—  13-7741 

—  5-571 

—  1. 00 

—  0. 12 

—  0.09 

—  0.  28 

—  0.02 
+  3-35 

—  5-39 

—  3-13 

—  0.79 

—  0.02 

+  0.06 

+  1-23 
+13.75 

+  3-21 

—  2.  20 
+  0.55 
+  0.57 
+  0.23 

+0.005 
— 0. 005 
+0. 022 
—0.005 

+0. 335 
—1. 310 
-0.594 
— 0. 122 
— 0.012 
+0.001 

+0. 003 
+0.009 
+0. 117 
+  1.531 
+0. 434 
-0.452 
+0. 088 
+0. 092 
+0. 028 
+0.005 

+  0.07 
+  0. 16 
+  0.07 
-  2.  53 
+  8.34 
+  4.10 

+  0.77 
+  0.08 

—  0.04 

—  0.90 

—  9-97 

—  2.65 
+  3.06 

—  0.82 

—  0.79 

—  0. 19 

0—  4 

1—  4 

2—  4 

3—  4 

4—  4 

5—  4 

6 —  4 

7—  4 

8—  4 

9—  4 
10—  4 

+  0.010 
+  0.006 
+    0, 932 

—  25. 880 
+217.452 
+  13.7922 

—  18.57 

—  6.88 

—  1.28 

—  0.  IS 
0.00 

—  0. 039 
+  0.356 

—  1-349 
+  4-025 

+233-907 
+  135-5802 

+  30.46 
+  2.81 

—  0.33 

—  0.15 

—  0.06 

—  0.07 

—  0.64 

—  9.73 

—  2.55 
+  0.65 

—  0.85 

—  0.67 

—  0.15 

—  0.04 
+  0.32 
+  1-98 

+  3-39 

—  3-39 

—  2.  21 

—  0.57 
0.00 

—0.003 
— 0. 038 
— 0. 893 
—0.312 
+0. 086 
— 0. 149 
— 0. 095 
— 0. 028 
— 0. 005 
— 0.001 

+0.001 
+0. 063 
+0. 194 
+0.312 
— 0.  783 

-0.  399 
— 0. 084 
— 0. 006 
+0. 002 
+0. 001 

+  0.04 
+  0.41 
+  6.65 
+  2. 13 
—  0.  78 
+  1.27 
+  0.86 
+  0.  22 

+  0.04 

—  0.  28 

—  1.40 

—  2.55 
+  5.75 
+  3.06 
+  0.61 
+  0.04 

1-  5 

2-  5 

3-  5 

4-  S 

5-  S 

6-  5 

7-  -  S 

8-  5 

9-  5 
10—  5 

5 

—  0.010 
+   0. 030 

—  1.652 

—  0.43 

+  183.95 
+109. 92 

+  25.44 
+    1. 91 

—  0.57 

—  0. 22 

—  0.08 

+   0. 024 

—  0. 083 

—  1.090 
+  27.91 
—108.48 
+  8.83 
+  21.61 

+  7.53 
+  1-46 
+  0.15 
0.00 

0.00 

—  0.54 

—  2.76 

—  3. 14 
+  1.83 

-f-  1.41 
+  0.25 
  0.04 

—  0. 04 

—  0.  II 

—  6.16 

—  1.66 

—  0.09 

—  0. 90 

—  0.61 

—  0.  23 

0. 000 
— 0. 058 
— 0. 225 
—0.  266 
+0. 428 
+0.  241 
+0. 049 
+0. 001 
— 0. 003 
— 0.001 

+0.001 
+0. 005 
— 0. 482 
— 0. 191 
— 0. 054 
— 0. 155 
— 0. 086 
—0. 025 
~o.  005 
— 0.001 

+  0.38 
+  1.88 
+  2.3s 

—  3.56 

—  2. 06 

—  0.38 
+  0.04 

+  0.03 
+  4.12 
+  1.44 
+  0.31 

1    I  if 
-r  45 

+  0.85 

+  0.  22 

3-  6 

4-  6 

5-  6 

6-  6 

7-  6 

—  0. 089 

—  1.42 
+  24.48 

—  42. 15 
+  22.44 

—  0. 087 
+  1-69 
+   5- 07 
—130. 96 

—  80.96 

—  0.25 

+  3-57 
+  0.90 
+  0.  22 

—  0.46 

—  2.64 

—  2.  70 
+  0.85 

— 0. 002 
— 023 
+0. 238 
+0.095 
+0. 083 

+0.001 
— 0. 039 
—0. 188 
—0. 208 
+0.213 

+  0.15 

—  2.31 

—  0.82 

—  0.  64 

+  0.34 
+  1.72 
+  1.97 
—  1.94 

25  AST  14 
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dr' 

COS. 

s!n. 

sin. 

COS. 

i'  i 
8—  6 

+  22.  33 

—18.63 

// 

+0.  77 

// 

4-0.81 

9-6 

+  7-53 

—  0.  73 

+0.  KK 

+0.  IX 

10 —  6 

+  1*44 

+  0.81 

4-0.  20 

— 0. 07 

II—  6 

+  H 

+  0.  28 

12 —  6 

0.  oo 

+  0.06 

4 —  7 

—  O.  12 

+  0. 12 

5—  7 

+ 

+  1.63 

+0.  28 

— 0.  28 

6-7 

+  7.QQ 

—18.  65 

4-2.  17 

4-1.  70 

7—  7 

— 8?.  62 

+  7.  iS 

4-2.  o? 

4-0.  '?2 

8-  7 

— 27.  77 

— 0.  24 

4-0. 10 

9-  7 

— II. 72 

— 20. 69 

— 0.  4"? 
to 

+  0.61; 

10—  7 

+  0.5s 

—  6.82 

— 0.  10 

4-0. 46 

II—  7 

+  0.98 

—  1.28 

0.00 

+0. 17 

12 —  7 

+  0-35 

—  0. 12 

S—  8 

+  0.04 

+  0.  ig 

6—  8 

4-  I. 7? 

—  1. 00 

4-0. 

4-0.  I"? 

7-8 

—12.  65 

—  8.91 

— 0.  78 

4-1.  14 

8—  8 

—  7.87 

+';i.76 

 0. 1 1 

4-1.  t;2 

9-8 

—26.  85 

+33. 46 

+0. 08 

— 0. 08 

10—  8 

—17.60 

+  6.02 

+0.  28 

— 0.46 

II—  8 

—  5.68 

—  1.42 

+0.23 

— 0.  21 

12—  8 

—  1.08 

—  I.  22 

+0.  II 

0.00 

6 —  9 

+  o-  17 

0.00 

7-  9 

—  0.  59 

—  1.67 

0. 00 

+0. 26 

8-  9 

—  8. 14 

+  7.59 

— 1. 00 

- — 0. 16 

9-  9 

+28. 83 

+  11.92 

— 0. 94 

+0.16 

10 —  9 

+  18.41 

+22. 62 

— 0.91 

+0.14 

II—  9 

+  1.87 

+13.85 

— 0. 49 

—0. 13 

12 —  9 

—  2.26 

+  4.64 

—0.  II 

— 0. 21 

7 — lo 

4-  0.02 

—  0. 04 

8— lo 

—  1.37 

+  0.17 

—0.37 

— 0. 07 

9— lo 

+  3.97 

+  6.65 

+0.18 

-0.55 

lO— lO 

+10. 92 

—14.  53 

+0.45 

— 0. 28 

II — 10 

+17.27 

-8.71 

+0,  21 

+0. 25 

12—10 

+  11.02 

+  1. 10 

— 0. 10 

+0.28 

8— II 

—  0. 14 

—  0. 08 

9— II 

—  0.08 

+  1.06 

+0. 07 

— 0. 04 

10 — II 

+  4.94 

—  1.59 

— 0. 14 

— 0. 32 

II — II 

—  6.43 

—  8.18 

0.00 

-<>.3S 

12— II 

—  2.77 

—13. 69 

+0.  21 

— 0.  II 

9 — 12 

—  0,08 

+  0. 10 

10 — 12 

+  0.7S 

+  0.28 

0.00 

— 0. 07 

II — 12 

—  0.  28 

—  3-32 

—0. 18 

+0. 07 

12 — 12 

—  6.94 

+  1.97 

— 0. 25 

— 0.04 

+o-  133 
+0. 070 
+0. 021 
+0.004 
0.000 

— o.  002 
+0. 021 

+o- 134 
+0. 148 
— o.  094 
— o.  062 
— o.  005 
+0. 006 
+0. 003 

+0.001 
+0. 021 
— 0. 038 
— o.  004 
— o.  047 
— o.  067 

—0.035 

— o.  on 

+0. 002 
— o.  002 
— o.  051 
— o. 062 
+0. 008 
+0. 004 
— o.  008 

0.000 
— 0.010 
— o.  003 
— 0.014 

+0.013 
+0. 031 

— 0.001 

— o.  003 
+0. 014 
+0.019 
— 0.001 

— 0.001 
+0.003 
+0. 005 
+0. 002 


+0, 129 
+0. 022 
— o.  004 
—0.003 
—0.001 

— o.  002 
— o.  025 
+0. 104 

+0.037 

+0. 070 
+0. 098 
+0. 052 
— o.  015 
+0. 003 

— o.  002 
+0.009 
+0. 086 

— o.  099 
— o.  034 
— o.  023 
+0. 004 
+0. 007 

0.000 

+0.015 

— o.  008 

+0.010 

— o.  026 
— o.  042 
— o.  025 

+0. 002 
+0. 002 
— o.  028 
— o.  035 
— o.  002 
— o.  002 

+0. 001 
— 0. 006 
— o.  006 

—0.013 
+0, 014 

— o.  001 
— o.  002 
+0.006 
+0.003 


dr'dZ 


—1.30 
— o.  71 
— o.  19 


— 0.  22 

-1.34 
-1.52 
+  1.  00 
+0.63 

o.  00 

— O.  II 


— O.  22 
+0.44 

+0. 07 

+0.52 
+0.81 

+0.47 
+0.  14 

+0. 10 

+0.48 
+0. 38 
-0.53 

— 0.60 

— O.  20 
+0.04 

+0. 39 
+0.  25 
+0. 13 
— o.  19 

+0.  II 

— o.  01 
+0. 06 

+0.  18 

+0.03 

— o.  14 

+0.04 
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Before  we  can  write  the  expressions  for  the  first  eight  factors  of  ST  we  have  to 
pass  through  the  intermediate  stage  of  deriving  V,  X,  and  T.  It  will  be  seen  that  in 
all  cases,  except  that  of  X,  the  factors  involving  y  are  the  factors  A  and  B,  whose  ex- 
pressions have  been  given  at  pages  73,  74.    In  the  case  of  X,  putting 


we  have 


=  2~:^ —  cos  (/—  aa)  N  =  ^^f,    [sin  f  cos  go—  (cos  f+e)  sin  go] 

a*  cos^  <p  '  a  cos^  <p^  \     ^  \   /  j 

For  a  similar  reason,  as  in  deriving  the  expression  for  T,  we  can  dispense  with 
any  direct  computation  of  the  terms  of  <JT  involving  higher  multiples  of  y  than  the 
first,  as  all  such  terms  in  W  are  computed  very  readily  by  the  formulae  of  page  74. 
This  abbreviation  in  determining  T  is  apphcable,  no  matter  how  far  the  approximation 
may  be  pushed ;  it  is  also  true  for  each  portion  of  T  under  restrictions  which  are 
readily  seen.  In  consequence,  availing  ourselves  of  the  quantities  P  and  Q  of  page 
63,  in  M  and  N,  it  suffices  to  put 

-^cos  cfe?  =      +  Pi  cos  y  "a'^^^  cfe?  =  Qi  cos  (p  sin  y 

and  we  also  have 

^ cos/=      +  Pi  cos  0  +  ^2  cos  2g  +  P3  cos  3^  +   .   .  . 

-^sin  /=  cos  (p  [Qi  sin  ^  +  Q2  sin  2g  +  Q3  sin  35^+...] 
cos  f 0 

-^^p-^  =  COS  9)  [Qi  COS  (7  +  2Qj  COS  2flf  +  3Q3  COS  3fli  +    .   .  .] 
Pisin«7+2PjSin2flf  +  3P3  8m3p+    .   .  . 

From  these  equations  we  derive 

M  =  -  +  Pi  cos  flf  +  Pj  cos  2flf  +  P3  cos  3p  +   .  .  .] 

~  ~  C'^' ^  +  ^-^^      ^^i' +  3P3  sin  3fli  +    .   .  .J 

It  is  evident  that  M  and  N  are  connected  by  the  equation 

Applying  these  formulae  to  Jupiter  we  get 

M  =  -  [8.0210889]  +  2[8.86oi562]  cos  -  2[6.y6sS9]  cos  {y  +  g) 

+  2[8.86oi562]  cos  g  —  2[o.oooooo5]  cos  {y —  g)  —  2[5.o6865]  cos  {y  +  2g) 

+  2[7,2422636]  cos  2g  —  2[8.382i499]  cos  {y^2g) 

+  2[5.8oo4832]  cos  Z9  —  2[6.94039o6]  cos  {y  —  Z9) 

+  2[44324972]  cos  ^g  -  2[5.5724i73]  cos  {y  -  4g) 
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1^=4-  2[8.86ois62]  sin  g 
+  2[7.S432936]  sin  2g 
+  2[6.2776o4s]  siu  zg 
+  3fS-034SS72]  sin 


And,  similarly  for  Saturn,  we  get 

M'=-  [8.1518373] 

+  2[8.925S75i]cos  g* 
+  2[7.3727757]  cos  ag' 
4-  2[s.996o96i]  cos 
+  2[4.6932i3o]  cos  45f' 
+  2[8.92ss7si]  cos  f 

—  2  [0.0000009]       {y'  —  g*) 

—  2[8,4472s8s]  cos  (;/'-  2^') 

—  2[7.o7o6o74]  cos      —  3p') 

—  2[s.76774i3]  cos  45'') 

—  2[4.sos73oi]  cos  sflf') 

—  2[6.8963o   ]cos(;/'+  £r') 

—  2[s.26447   ]  cos     +  2g^) 


+  2[o.000O005] 

sin  {y  — 

9) 

+  2f8.683i799l 

sin  (y  — 

20) 

+  2[7.4i75^'9] 

sin  {y  — 

39) 

+  2[6,i744773] 

sin  {y  — 

-2[6.76s59  ] 

sin  {y  + 

9) 

-  2[s.36968  ] 

sin  {y  + 

+  2[8.92SS7si] 

sin  g' 

+'2[7.6738os7] 

sin  2g^ 

+  2[6.4732i74] 

sin  3p' 

+  2[s.29S273oJ 

sin  4^' 

+  2[0.0000009] 

sin  (;/'  — 

9') 

+  2[8.748288s] 

sin  (y'  — 

29') 

+  2[7.5477287] 

sin  (y'  — 

39') 

+  2[6.3698oi3] 

sin  {y^  — 

49') 

+  2[5.2047ooi] 

sin  {y'  — 

59') 

—  2[6.8963o  ] 

sin  + 

9') 

-2[S.S6SS0  ] 

sin  (/  +  2g') 

We  can  now  give  the  values  of  V  and  X.  It  is  thought  unnecessary  to  give  the 
partial  derivatives  with  respect  to  g  or  /  of  any  expression  which  has  already  been 
given,  for  the  reason  that  they  can  so  easily  be  formed.  The  expressions  for  B  and 
Gr  are  appended : 


Arg= 

V 

X 

B 

G 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H  i' 
0  0 

i 
0 

// 

// 

+0.06138 

// 

+0. 06138 

// 

I  0 — 

I 

-42.307 

--0.  066 

+14.278 

— 0. 025 

—28. 029 

— 0. 091 

+S6.  s86 

+0. 082 

— I  0 

0 

3-951 

+4. 621 

+ 

1.17913 

—0. 847s  I 

2.772 

+3-773 

+ 

5.093 

-5.638 

0  0 — 

I 

+ 

2. 60940 

— 2.04419 

1.03659 

--0. 00354 

+ 

I. 57281 

—2. 04773 

3. 53363 

+2.54858 

I  0 — 

2 

+ 

0.478 

—1.882 

+ 

0. 127 

+0.510 

+ 

0. 605 

—1-372 

0.  389 

+2.  224 

— 1  0— 

0. 269 

— 0. 447 

+ 

0.03s 

+0.073 

0. 234 

—0.374 

+ 

0.318 

+0. 530 

0  0 — 

2 

+ 

0. 19153 

+0.  26064 

0. 00889 

— 0. 03706 

+ 

0. 18264 

+0. 22358 

0.  24I9I 

—0.31404 

I  0 — 

3 

+ 

0.059 

+0.034 

0. 012 

+0.004 

+ 

0. 047 

+0. 038 

0. 058 

— 0. 030 

—  I  0 — 

2 

+ 

0, 032 

—0.015 

0. 004 

+0.  002 

+ 

0. 028 

--0. 013 

0. 036 

+0. 018 

0  0 — 

3 

0.01704 

+0.01396 

+ 

0. 00088 

—0.  00020 

0.01616 

+0.01376 

0.01850 

— 0.01740 

I  0 — 

4 

0. 004 

+0. 002 

0.000 

— 0.001 

0. 004 

+0.001 

+ 

0. 005 

— 0.001 

— I  0 — 

3 

+ 

0.001 

0.000 

+ 

0. 001 

0.000 

0.001 

0.000 

0  0 — 

4 

0.00100 

— 0. 00102 

0.00004 

+0. 00003 

0.00104 

— 0. 00099 

+ 

O.OOIII 

+0.  00102 

1  0 — 

S 

+ 

0.001 

+0.001 

+ 

0. 001 

+0.001 

0.  001 

— 0. 001 

-I  1+ 

4 

0.000 

--0. 007 

0.000 

—0. 007 

0.  000 

+0.007 
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V 

X 

B 

G 

Ar£r= 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

H  % 

// 

// 

// 

// 

// 

// 

// 

0       1  + 

3 

-f-  0.01264 

0. 0001 1 

+  0.00008 

1 

0. 00225 

+  0.01272 

0. 002  >;o 

—  0.01285 

I        1  + 

2 

0. 

—  0. 008 

0, 000 

+  O.OOI 

0. 005 

—  0.007 

4- 

0.  005 

+  0.009 

-I        1  + 

3 

0. 

4-  0.012 

0.  002 

—  O.OOI 

o.x>o5— 

^  O.OII 

4. 

0. 007 

—  0.012 

0       1  + 

2 

4-  0.03441 

0. 00138 

—  0.00381 

0. 00842 

0.03060 

4- 

0, 00996 

—  0. 04073 

I  1+ 

I 

1. 

0.  006 

—  0.063 

0.  000 

+  0.009 

1 

0, 006 

—  0. 054 

0. 008 

+  0.073 

-I  1+ 

2 

—  0. 170 

4- 

0. 018 

+  0.052 

0.  212 

—  0. 118 

0.  240 

+  0.203 

0  1+ 

I 

0  '26*?2I 

—  0.07128 

1 

0.  101 14. 

—  0.05272 

0.  26187 

—  0. 12400 

-1- 

0.  47004. 

-f  0.08718 

0 

[ 

-r 

0. 726 

+  0.301 

0. 158 

—  0.035 

4- 

0.  568 

+  0. 266 

0. 885 

—  0.364 

-I  1+ 

I 

A  J?70 
4.  o/u 

—  4- 130 

I,  426 

+  0.719 

4- 

1 

1. 

J-  *rrt 

—  3-4II 

6. 

**j4 

+  5-054 

0  I 

0 

0.  00000 

0.00000 

4. 
1 

0,  1 63 1 2 

+  0. 78650 

+ 

0.  1 63 1 2 

+  0.78650 

0.  00000 

0.00000 

I     I  — 

1 

+  3-3090 

_l_ 
1 

I.  16? 

—  1.009 

1.  676 

+  2.300 

4- 

1 

6.  4.71  C 
'h/  *D 

—  3-9986 

— I  I 

0 

0.  022 

+49-  739 

2.  OQ? 

— 10.  824 

4- 
1 

7.  827 

+38.915 

12.  400 

—62. 969 

0  I— 

I 

4.  9 1 26 1 

—25.  32954 

0. 08070 

+  0.00778 

4.  00140 

—25.32176 

4- 

1 

6.  2KS^*7 

+32.55616 

I     I — 

2 

3-  370 

—15.844 

f    27  T 

1.  -:7i 

+  5-956 

—  9. 888 

4.  *73 

+19-  399 

— I  I— 

I 

I .  CTOQ 

—  3.6163 

0.248 

+  0.902 

I.  110 

—  2.714 

4- 

1 

0.  ^64 1 

+  4-  7236 

0  I  

2 

0. 24520 

+  2.59490 

0. 08917 

—  0. 43467 

0.  33437 

+  2. 16023 

+ 

0. 96309 

—  3.47275 

I     I — 

3 

+ 

I.  229 

—  0.649 

— 

0. 125 

+  0.  205 

+ 

1. 104 

—  0.444 

1-633 

+  0. 942 

—I  I— 

2 

+ 

0.  257 

—  0.302 

— 

0. 040 

+  0. 046 

+ 

0.  217 

—  0.  256 

— 

0.316 

+  0. 370 

0    I — 

3 

0.25009 

+  0. 30458 

+ 

0. 00917 

—  0.01476 

— 

0. 24092 

+  0.28982 

+ 

0. 33884 

—  0. 39241 

I     I — 

4 

+ 

0.  063 

—  0. 045 

— 

0. 002 

+  O.OOI 

+ 

0. 061 

—  0.044 

— 

0. 098 

4-  0.072 

—I     I — 

3 

+ 

0.017 

+  0.008 

0. 000 

+  0.  001 

+ 

0.017 

+  0.009 

— 

0. 020 

  0. 008 

0       I  — 

4 

— 

0.  02090 

+  0.00453 

+ 

0.0001 1 

—  0. 0001 1 

— 

0. 02079 

+  0.00442 

+ 

0. 02744 

—  0. 008^4. 

I     I — 

5 

+ 

0.004 

—  0.005 

0. 000 

0.000 

+ 

0.004 

—  0. 005 

— 

0.007 

0.007 

— I     I — 

4 

— 

0.  002 

0. 000 

— 

0. 002 

0.000 

+ 

0. 002 

0. 000 

0       I  — 

5 

— 

0.  00038 

-f  0.00005 

— 

0. 00003 

—  0.00002 

— 

0. 00041 

+  0.00002 

+ 

0. 00071 

—  0.00028 

I     I — 

6 

+ 

0.  001 

0. 000 

+ 

O.OOI 

0. 000 

O.OOI 

0.  000 

0  2+ 

3 

+ 

0. 00026 

—  0.00098 

_|_ 

0  00026 

—  0.00098 

+  0.00098 

-I  2+ 

3 

O.OOI 

0. 000 

4- 

0. 001 

—  0. 001 

0. 000 

—  0. 001 

0. 001 

0.  000 

0  2+ 

2 

+ 

0. 00104 

+  0.00381 

0  OOOlfi 

—  0.00027 

+  0.00354 

—  0.00446 

I  2+ 

I 

0. 003 

—  0.007 

0. 000 

+  O.OOI 

—  0.006 

_|_ 

+  0.007 

-I       2  + 

2 

0.042 

—  0.003 

+ 

0. 005 

+  0.004 

0.037 

+  O.OOI 

+ 

0.  047 

+  0.004 

0       2  + 

I 

0. 03928 

+  0.01129 

+ 

0. 00691 

—  0.01064 

0. 03237 

-f  0.00065 

+ 

0. 04882 

—  0.01335 

I  2 

0 

-1- 

0. 103 

—  0. 009 

0.018 

+  0.005 

+ 

0. 085 

—  0.004 

0.123 

+  0.010 

-I  2+ 

I 

+ 

0. 171 

—  0.  874 

0. 096 

+  0. 146 

+ 

0.075 

—  0. 728 

0. 224 

+  I- 044 

0  2 

0 

0.00000 

0. 00000 

+ 

0. 23489 

+  0.05967 

+ 

0. 23489 

+  0.05967 

0.00000 

0.00000 

I  2— 

I 

0. 5469 

+  0. 8643 

+ 

0. 079 

—  0.  201 

0. 468 

+  0.  663 

+ 

0.  7447 

—  I.05II 

—  I  2 

0 

+  14636 

+  4-668 

3. 224 

—  0. 828 

+ 

II.  412 

+  3-840 

19-532 

—  5.243 

0       2 — 

I 

9.  60269 

—  I- "394 

2. 38232 

+  1. 03341 

11.98501 

—  0. 08053 

+ 

13. 32044 

4-  0.91722 

I  2— 

2 

+ 

I- 5995 

—  4-  6390 

+ 

0. 8718 

+  0. 8956 

+ 

2.4713 

—  3- 7434. 

3- "9 

-f-  6.  loi 

— I  2— 

I 

— I 

19. 8230 

+51-0393 

+32.  814 

—14. 067 

87.009 

+36.972 

67-  6953 

-71-5954 

0      2 — 

2 

+106.01668 

—  45-  27941 

0.  04681 

+  0.00420 

+  105.96987 

—45-  27521 

—151.09782 

+64. 68104 

I       2 — 

3 

21.930 

+  9-  193 

2.  562 

+  I- 159 

24-  492 

+  10.  352 

+  34-  297 

—14. 464 

—  I       2 — 

2 

+ 

1-5773 

+  3-3876 

0. 2253 

—  0. 9535 

+ 

1.3520 

+  2.4341 

1.499 

—  5.021 

0  2— 

3 

+ 

2.  35012 

—  5-49634 

+ 

0. I 887 I 

—  0.08052 

+ 

2-53883 

-  5. 57686 

4- 15523 

+  7-  92094 

I  2— 

4 

I.  313 

+  2-471 

0.  143 

+  0.017 

1.456 

+  2.488 

+ 

2.193 

—  3-443 

—  I  2  

3 

+ 

0.  329 

+  0,  256 

0.044 

—  0. 045 

+ 

0. 285 

-|-  0.  211 

0.  380 

—  0.340 

1 
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Arg== 

V 

X 

B 

G 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

siu. 

COS. 

H 

t 

i 

// 

It 

11 

41 

// 

// 

II 

O 

2 — 

4 

—  o.  15465 

—  0.49077 

+ 

0. 01045 

—  0.00100 

—  0.  14420 

—  0.49177 

+  0. 11231 

+ 

0.  67980 

2 — 

S 

—  0. 025 

+  0.213 

0. 004 

+  0.002 

—  0.029 

+  0.2I5 

+  0.068 

0. 300 

—  I 

2— 

4 

+  0.007 

+  0.015 

0. 002 

—  0.001 

+  0.005 

+  0.014 

—  0.009 

0.019 

2— 

5 

—  0.01114 

—  0.03543 

+ 

0. 00028 

—  0.00014 

—  0.01086 

—  0.03557 

+  0.01030 

+ 

0. 04823 

I 

2  — 

6 

+  0.004 

+  0.016 

0.001 

0. 000 

+  0.003 

+  0.016 

—  0.002 

0. 022 

2 — 

6 

—  0.00063 

—  0.00167 

+ 

0.00003 

—  0.00002 

—  0. 00060 

—  0.00169 

+  0.00064 

+ 

0. 00244 

3+ 

2 

—  0. 004 

+  0.003 

0. 001 

+  0.  001 

—  0. 003 

+  0. 004 

+  0. 005 

0. 003 

3+ 

I 

—  0.00325 

+  0. 00302 

+ 

0, 00007 

—  0. 00140 

—  0. 003 1 8 

+  0.00162 

+  0.00398 

0. 00353 

3 

O 

-{-  0.010 

—  0.  OOo 

0.001 

+  0.  001 

+  0. 009 

—  0. 007 

—  0. 012 

+ 

0. 009 

3+ 

I 

—  0. 04S 

  0. I lO 

0.002 

+  0*  01 7 

—  0. 050 

—  0.093 

+  0.055 

+ 

0. 130 

3 

o 

0, 00000 

0, 00000 

+ 

0.04330 

—  0.  OIOOI 

+  0.04330 

—  0,01001 

0. 00000 

0.00000 

3— 

I 

—  0.014 

+    0.  151 

0.004 

—  0. 026 

—  0.  OIo 

+  0. 125 

+  0. 03 1 

0. 185 

3 

o 

+  2.774 

  0.  827 

0.596 

+  0. 138 

+  2.  175 

—  0.  009 

—  3.052 

+ 

1. 145 

3  — 

I 

—  1. 67802 

+  0. 77926 

0. 34634 

+  0.44085 

  2. 0243^ 

+  1 .  2201 1 

+  2,32527 

1.08947 

3— 

2 

—  0. 156 

—  I . 046 

+ 

0. 196 

+  0.  050 

+  0.  040 

—  0. 996 

  0.  024 

+ 

1. 418 

3— 

I 

— 14>  922 

+25.  551 

+ 

4.787 

—  6.057 

—10. 135 

+22.  794 

+  21,657 

37. 882 

3— 

2 

+  12. 87302 

—24,  26454 

0. 99807 

—  I . 406 I 7 

+11,87495 

—25.67073 

 19.  23030 

+  32.41300 

3— 

3 

—  0.  237 

+    0.  511 

0. 474 

0.  ODD 

—  0.  7 1 1 

+  7. 177 

+  1.3^2 

9. 236 

3— 

2 

— 69>  022 

—99.317 

+13-584 

+  19.  364 

—55.43^ 

—  79. 953 

+<S9. 055 

+127.729 

3— 

3 

+64. 65315 

+  91.45689 

0. 05234 

—  0.  04272 

+04.  OOOOl 

+91.41417 

—84. 13717 

—118. 41682 

3— 

4 

—16.577 

—23. 474 

0. 806 

—  1.074 

—17. 3^3 

—24.  545 

+22. 261 

+  31.276 

-J 

—  6.  595 

+  1.056 

+ 

1.19s 

—  0,  078 

—  5.400 

+  0.978 

+  <>'S59 

0. 940 

3— 

4 

+  9- 10247 

+  2.31940 

+ 

0. 05439 

+  0.  08122 

+   9.  15^"^ 

+  2.  40062 

—  II,  OIOIO 

3.46238 

I 

3— 

s 

  1.221 

0. 052 

—  0.  076 

—  1.  '102 

—  I.  2QQ 

•4-  A.  A76 

+ 

1.767 

—  I 

3— 

4 

—  0. 332 

+  0.407 

+ 

0.054 

—  0.048 

—  0.  278 

+  0.359 

+  0.434 

0. 469 

3— 

S 

+  0.71640 

—  0.  26172 

+ 

0.00363 

+  0.00582 

+  0.72003 

—  0.  25590 

—  0. 93326 

+ 

0, 26690 

I 

3— 

6 

—  0.319 

+  0.031 

0. 004 

—  0.004 

—  0.323 

+  0.027 

+  0.416 

0. 016 

 I 

3— 

S 

—  0. 014 

+  0.023 

+ 

0.004 

—  0.003 

—  0.  OIO 

+  0.020 

+  0.019 

0. 028 

3— 

6 

+  0.04652 

—  0.03167 

+ 

0. 00027 

+  0.00021 

+  0.04679 

—  0.03146 

—  0. 06I0S 

+ 

0. 04687 

I 

3— 

7 

—  0.024 

+  o.oii 

0.000 

—  O.OOI 

—  0.024 

+  O.OIO 

+  0.031 

0.  112 

 1 

3— 

6 

—  0.004 

+  0.003 

—  0.004 

+  0.003 

+  0.004 

0.  003 

3— 

7 

+  0,00216 

—  0.00285 

+ 

0. 00002 

+  0.00002 

+  0.00218 

—  0.00283 

—  0.00306 

+ 

0. 00326 

4+ 

I 

—  0. 014 

—  0. 009 

0.000 

+  0.  002 

—  0.  014 

—  0, 007 

+  0.016 

+ 

O.OII 

4 

o 

0. 00000 

0. 00000 

+ 

0. 00501 

—  0. 00354 

+  0.  00501 

—  0.00354 

0. 00000 

0.00000 

4— 

-l-  0.  009 

+  0.018 

0. 002 

—  0.  002 

+  0. 007 

+  0.016 

—  0. 009 

0. 023 

4 

o 

+  0-  294 

—  0.312 

0. 068 

+  0.049 

+  0.  226 

—  0, 263 

—  0. 390 

+ 

0. 399 

4— 

I 

—  0. 1 59 1 2 

+  0.  20917 

0.01243 

+  0.  08450 

—  0. 17I55 

+  0. 29367 

+  0.22774 

0. 27809 

4— 

2 

—  0. 1275 

—  0. 1234 

+ 

0. 029 

—  0.  008 

—  0.  098 

—  0. 131 

+  0. 1295 

+ 

0. 1795 

4— 

+  1.076 

+  5.719 

+ 

0.173 

—  1. 165 

+  1.249 

+  4-554 

—  0.913 

7.434 

4— 

2 

—  0. 80131 

—  4.  64775 

0. 46277 

—  0. 23345 

—  1.26408 

—  4.88120 

+  0.591 18 

+ 

6. 16744 

4— 

3 

+  I. 113 

+  0.  841 

0.014 

+  0. 165 

+  1.099 

+  1.006 

—  1.287 

I.  291 

4-- 

2 

—37- 5  "3 

—12.8716 

+ 

6.  362 

+  3. 232 

-31. 149 

—  9. 640 

+46. 9598 

+ 

17.4477 

4— 

3 

+33.88113 

+  11.94483 

+ 

0.  72197 

—  0. 79007 

+34. 60310 

+  11,15476 

— 42. 76022 

16.  35448 

4— 

4 

-  9.727 

—  1.061 

0.  463 

—  0. 208 

—10. 190 

—  1.269 

+12.570 

+ 

I. 919 

4— 

3 

+66. 142 

—70.  334 

9. 953 

+  10.  743 

+56. 189 

—59.591 

—80. 770 

+  86.232 

O 

4— 

4 

—61.53333 

+67.  26806 

+ 

0. 02210 

—  0.06522 

— 6I.5II23 

+67.  20284 

+75.35198 

82. 84294 

4— 

5 

+17.070 

-18.  743 

0. 422 

—  0. 498 

+17.492 

—19.  241 

— 21,  161 

+  23.418 

FACTORS  OF  THE  SECOND  ORDER  TERMS. 


V 

X 

B 

G 

Arg= 

-ig 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS, 

n 

i 

It 

// 

// 

// 

// 

// 

// 

— I 

4— 

4 

I.  000 

-  7. 835 

+0, 157 

-f  I.I09 

I.  509 

—  6.  726 

+  I.  786 

+  9.621 

0 

4 — 

S 

0. 62573 

+10. 33047 

—0. 03440 

-f-o.  03220 

0.  66013 

+  10.36267 

+  I. 16777 

-13-49758 

4— 

+ 

0.  541 

—  3. 759 

+0.034 

— 0.049 

+ 

0.57I  * 

—  3. 808 

—  0.  762 

+  4.636 

— I 

4— 

s 

0.  507 

—  0. 373 

+0.053 

+0. 054 

0.  454 

—  0.319 

+  0.  584 

+  0.471 

0 

4— 

6 

0.  44699 

-f-  u.  00753 

+ 

0. 44425 

—  1.00475 

I 

4— 

7 

0.  115 

—  -U.  JOl 

0. 000 

0,  115 

—  0  i6a 

+  0.  I  26 

-p  u. 440 

4— 

6 

0. 035 

  0.016 

_|_o.  005 

_|_o.  001 



0. 030 

—  0.  OI? 

-1"  0.  Od.2 

+  0. 020 

0 

4— 

7 

+ 

0.05370 

+ 

0. 05361 

-i-  0  oa86a 

I 

4— 

8 

0. 024 

1  ,  019 

0.  000 

0.  000 

0. 024 

—  0.  019 

+    0.  027 

+  0. 026 

4— 

7 

0.003 

0.  000 



0.  003 

0.  000 

-L  O-  001 

-p  \J. 

0. 000 

0 

4— 

8 

+ 

0. 00746 

-l-n  orwi/i 

+ 

0. 00748 

-L  0  O02'7O 

—  0  ooSa^ 

0 

S 

0 

0.00000 

0.  00000 

-f-0. 00039 

 0.  00062 

+ 

0.00039 

  0.00062 

0.00000 

0. 00000 

— I 

5 

0 

+ 

0. 014 

—     0.  054 

— 0.006 

+0.  008 

+ 

0. 008 

  0.046 

—  0.021 

+  0.068 

0 

5- 

I 

0.00532 

+  O.O3I9I 

-|-o.  00424 

4-0.  01045 

0,00108 

+  0.04236 

+  0.01005 

—  0.04195 

I 

s- 

2 

0. 0265 

—  0.0022 

-|-o.  002 

 0.004 

0. 024 

—  0. 006 

+  0.0302 

+  0.0075 

— I 

5- 

I 

+ 

0. 658 

+  0.615 

-0.059 

— 0.  143 

+ 

0.599 

+  0.472 

—  0.  760 

—  0.  820 

0 

5- 

2 

0. 50428 

—  0.48746 

— 0. 09999 

-|-o.  00414 

0.  60427 

—  0.48332 

+  0. 58105 

+  0.  66878 

I 

5- 

3 

+ 

0. 2505 

—     0.  0502 

+0.0I2I 

+0. 0258 

+ 

0.  2626 

—  0.0244 

—  0.312 

+  0.019 

— I 

5- 

2 

8. 1002 

4-  2.5012 

+  1.378 

-0.055 

6.  722 

+  2.446 

+  10. 1287 

-  2.6538 

0 

5- 

3 

+ 

7. 20416 

—  2.07513 

+0. 10788 

—0. 40042 

+ 

7.31204 

-  2.47555 

+  9.09206 

+  2. 16585 

I 

5- 

4 

1.698 

+  1-452 

—0. 123 

+0.013 

1.821 

+  1.465 

+  2.252 

—  1.669 

—  I 

5- 

3 

6. 2989 

—39. 2994 

—1. 5016 

+5.5027 

+ 

4. 7973 

—33.7967 

-  8.396 

+47.462 

0 

5- 

4 

6.  02469 

+36.65055 

+0.  55353 

+0.31829 

5. 471 16 

+36. 96884 

+  8.05541 

—44'  45554 

I 

5- 

S 

+ 

0.  102 

—10. 769 

4-0. 065 

-0.  297 

+ 

0. 167 

—11.066 

—  0. 425 

+  13.  220 

— I 

5- 

4 

+60.  330 

+36. 232 

-7.518 

—4. 406 

+52.812 

+31.826 

—71.476 

-42.695 

0 

s— 

5 

-58.23577 

—33.40774 

+0.05776 

+0. 00303 

—58.  17801 

—33.40471 

+69. 17473 

+39.40340 

I 

s— 

0 

+  16.  908 

+  9.586 

+0.  285 

+0. 147 

+  17.193 

+  9. 733 

—20.  242 

—11.368 

—  I 

s— 

S 

-f 

7.371 

—  2. 620 

-0.863 

+0.  256 

+ 

6. 508 

—  2. 364 

-  8.  749 

+  2.952 

0 

5— 

D 

9-  50437 

+  1.35024 

— 0.01759 

—0.01457 

9.52196 

+  1.33567 

+11.29325 

—  1.45191 

I 

5— 

7 

+ 

3.415 

—  0. 232 

+0. 035 

+0.  010 

+ 

3-450 

—  0. 222 

 068 

+  0. 225 

 1 

5— 

6 

0.  348 

 0. 581 

u.  043 

-l-n  ncc 

+ 

0-305 

  0. 526 

+  0.  665 

0 

5— 

7 

o- 73758 

-\-    0.  01744 

— u.  UUZ49 

 U.  UUIOQ 

0.  74007 

t    n  5?5?fn  C 
— p  u. 00^1^ 

—  u.  /u^o4 

I 

5— 

8 

+ 

0.  320 

  0.  203 

-[-o.  002 

0.  000 

+ 

0.322 

  0.  203 

—  0.  300 

+  0.  230 

—  I 

s— 

7 

0. 003 

  048 

0.  000 

-j-o.  005 

0. 003 

,   0  fly!  "2 

0.  000 

-p  u.  U55 

0 

5- 

8 

0. 03542 

— *J.  UUUZ3 

0.03565 

JL.  n  Ov<yi5?fi 

^p    \J»  Vp/^t- 

I 

5— 

9 

0. 026 

—  0.  025 

0.  000 

+0.  001 

+ 

0. 026 

—    0.  024 

—  0.  u  j  1 

_|_  029 

— I 

6 

0 

+ 

0. 002 

—  0.007 

— 0. 001 

+0.001 

+ 

0. 001 

—  0. 006 

—  0.002 

+  0.009 

0 

6— 

I 

+ 

0. 00121 

-J-  0.  CXJ347 

-pU.  OUI  I  I 

— |-U.  UUOOZ 

+ 

0. 00232 

1    f\  nnA  "ffi 

  001 12 

I 

6— 

2 

0. 007 

+  0.003 

0.000  . 

— 0. 001 

0. 007 

+  0.002 

+  0.008 

—  0.003 

—  I 

6— 

I 

+ 

0. 127 

+  0.018 

— 0. 015 

 0.  012 

+ 

0. 112 

+  0.006 

—  0, 151 

—  0.033 

0 

6— 

2 

0. 09454 

—  0.01527 

—0.01336 

+0. 00844 

0. 10790 

—  0.00683 

+  0.  1 1348 

+  0.02895 

6— 

3 

+ 

0. 023 

—  0.  035 

+0. 004 

+0.003 

+ 

0. 027 

  0.  032 

—  0.032 

+  0.  037 

6- 

2 

0. 906 

+  I.  187 

+0.  183 

— 0. 115 

0.  723 

+  1.072' 

+  I. 170 

—  >-373 

0 

6— 

3 

+ 

0. 8073s 

—  1.00270 

—0.  02283 

—0. 09477 

+ 

0. 78452 

—  1.09747 

—  1.05474 

+  I. 16180 

I 

6— 

4 

0.035 

+  0.421 

— 0.  020 

-j-0.014 

0. 055 

+  0.435 

+  0.085 

—  0. 506 

2l6 
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V 

B 

G 

Arg= 

sin* 

sin. 

sin. 

siu. 

COS. 

COS* 

COS. 

COS. 

// 

// 

It 

// 

// 

// 

// 

// 

—I  6—3 

—  4.312 

—  9.070 

+0.313 

+1.306 

—  3.999 

—  7. 764 

+  4.  O20 

+10. 991 

o  6 —  4 

+  3- 83036 

+  8.40510 

+0. 30416 

+0. 01677 

+  4. 13452 

+  8.42187 

  4.  28505 

—10. 23334 

I     ^  5 

—  1.860 

—  2.  128 

— 0. 025 

—0. 083 

—  1.885 

—  2. 211 

+  2.  138 

+  2.657 

-I  6-4 

+35.  265 

—  0.951 

-4. 179 

— 0. 245 

+31.086 

—    I.  196 

—41.461 

+  0.  000 

o     6-  5 

—33.42872 

+  0.92270 

— 0. 10883 

+0.  3S440 

—zz^sziss 

+   I. 27710 

+  39.40245 

—  0.  00207 

I     6-  6 

+  9.919 

-  1.438 

+0.  180 

+0.001 

+10. 099 

—  1-437 

—  11.775 

+  I. 541 

-I     6-  5 

—15.257 

+45. 748 

+  1.527 

—4. 810 

—13.730 

+40.  938 

+  17.475 

— 52.  881 

0  6-6 

+  13.48590 

—44. 28526 

-fo.  00850 

+0. 04282 

+13.49440 

—44.  24244 

—  15.41530 

+51.27238 

I     6-  7 

—  3.910 

+13.158 

— 0. 040 

+0.  152 

—  3.  950 

+  13.310 

+  4.470 

—  15.305 

—I  6-6 

+  3.285 

+  5.909 

— 0.  297 

-0.  593 

+  2.988 

+  5.316 

—     3.  710 

—  6.  850 

o     6-  7 

—  2.  74770 

—  7. 52924 

+0. 00664 

— 0. 00916 

—  2.74106 

-  7. 53840 

+  3.09747 

+  5.7319a 

I     6—  8 

+  0.790 

+  2.  699 

0.000 

+0. 023 

+  0.  790 

+  2.  722 

—  0. 890 

—    3. 135 

-I     6-  7 

+  0.609 

-|-  0.  242 

— 0. 052 

— 0. 026 

4-  0. 557 

+  0.216 

—  0.  690 

—  0.  293 

o  6—8 

—  0.  70733 

—  0. 55988 

+0. 00034 

—0.00159 

—  0. 70699 

—  0.  56147 

A-  0,801 '14. 

-4-  0.  66o'?d. 

I  6-9 

+  0.246 

4-  0.258 

0. 000 

+0.001 

+  0.246 

+  0.  259 

—  0.  279 

—  0.302 

—I  6-8 

+  0.054 

—  0.009 

— 0. 005 

— 0.001 

+  0. 049 

—  0.  010 

—  0.061 

+  0.008 

o     6-  9 

—  0.08084 

—  0. 02053 

— 0, 00004 

— 0. 00015 

—  0.08088 

—  0.02068 

+  0.09182 

+  0.02593 

I  6—10 

+  0.033 

-f-  0.016 

— 0.001 

0.000 

+  0.032 

+  0.016 

—  0. 037 

—  0.019 

-I  6-9 

+  0.003 

—  0.002 

+  0.003 

—  0.002 

—  0.003 

+  0.002 

o     6— lo 

—  0. 00895 

+  0.00154 

0.00000 

+0.00001 

—  0.00895 

+  0.00155 

+  0.00968 

—  0. 00141 

I     6— II 

+  0.007 

—  0. 001 

+  0.007 

—  0.001 

—  0. 007 

+  0.001 

o     7 —  I 

+  0.00028 

+  0.00024 

+0. 00017 

+0. 00001 

+  0.00045 

+  0.00025 

—  0. 00031 

—  0. 0003 1 

— I     7—  I 

+  0.016 

—  0. 004 

— 0. 003 

0.000 

+  0.013 

—  0.004 

—  0.019 

+  0, 004 

0      7 —  2 

—  0.01121 

-f-  0.00514 

— 0. 00103 

+0.00196 

—  0.01224 

+  0.00710 

+  0.01384 

—  0.00493 

I     7—  3 

—  0.002 

—  0.008 

+0. 001 

0.000 

—  0.001 

—  0.008 

+  0.  001 

+  0. 009 

— I       7—  2 

—  O.OII 

+  0. 229 

+0.015 

— 0. 027 

+  0.004 

+  0.  202 

+  0.  029 

—  0. 271 

o  7—3 

+  0.01481 

—  0. 19650 

— 0. 01232 

—0. 01321 

+  0.00249 

—  0. 20971 

—  0.03314 

+  0.23289 

I     7—  4 

+  0.046 

+  0.060 

— 0. 002 

+0.004 

+  0.044 

+  0.064 

—  0.  048 

—  0.074 

—I     7—  3 

—  I- 741 

—  1. 015 

-fo.  169 

+0. 183 

—  1.572 

—  0.  832 

+  2.003 

+  I.  276 

0  7—4 

+  1.55014 

+  0.95182 

+0. 07687 

—0. 03586 

+  1. 62701 

+  0.91596 

—  I. 78767 

—  I.  20325 

I     7-  5 

—  0.  583 

—  0.072 

— 0.014 

—0.013 

—  0. 597 

—  0.085 

-j-  0.  035 

+  0.  123 

—I     7—  4 

+  8.502 

—  5.904 

—1.060 

+0. 490 

+  7.442 

-  5.414 

— 10. 056 

+  0. OOo 

o  7—5 

—  8.04741 

+  5.45171 

+0.03494 

+0.  20882 

—  8.01247 

+  5. 66053 

+  9.54307 

—  0. 10027 

I     7—  6 

+  2.059 

—  2,206 

+0. 052 

— 0. 028 

+  2.  Ill 

—  2.  234 

—  2 . 484 

+  2.521 

—I     7-  5 

+  6.582 

-t-27. 992 

— 0. 468 

—2. 869 

+  6. 114 

+25.123 

—  7.312 

— 32. 241 

0  7—6 

—  6.68419 

—26. 75840 

—0. 21033 

— 0.01411 

—  6.89452 

—26.77251 

+  7.39450 

+30*  <>0979 

I     7—  7 

+  3.059 

-\-  7.966 

+0. 048 

+0. 102 

+  3. 107 

+  8.068 

—  3.361 

—  9.  232 

—I     7—  6 

—31.422 

—  3.029 

+2.852 

+0.  222 

—28. 570 

—  2.807 

+35'  649 

+  3.320 

o  7—7 

+30. 34215 

+  1.89095 

—0. 02985 

+0. 01298 

+30.31230 

+  1.90393 

—34. 461 21 

—  2. 0201 I 

I     7—  8 

—  9. 126 

—  0.464 

—0. 077 

+0. 001 

—  9. 203 

—  0.463 

+10. 398 

+  0.482 

— 1      7 —  7 

—  4.  ^i>7 

-1-    1  AA1 

\  J. 

j_o.  162 

— 0.  280 

+  1. 16'? 

+  4.  732 

-  3.859 

o  7-8 

4-  $.  26380 

—  3.32770 

+0.00452 

+0. 00320 

+  5.26832 

—  3. 32450 

—  5. 99072 

+  3.73716 

I     7—  9 

- 1.883 

+  1.034 

—0.014 

+0. 005 

-  1.897 

+  1.039 

+  2. 145 

-  I.  165 

—I     7—  8 

—  0. 123 

+  0.581 

+0.013 

— 0. 045 

—  0.  no 

+  0.536 

+  0. 149 

—  0.651 

0  7-9 

+  0.34515 

—  0.701 13 

+0. 00093 

+0. 00003 

+  0.34608 

—  0.  70110 

—  0.40059 

+  0. 78708 

I  7—10 

—  0. 163 

+  0.  247 

— 0. 003 

+0.001 

—  0.  166 

+  0.248 

+  0.187 

—  0.  278 
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V 

X 

B 

G 

Arcr= 

sin. 

oos. 

sin. 

COS. 

sin. 

COS, 

sin. 

COS. 

X 

i'  i 

// 

u 

// 

11 

u 

// 

—I 

7  y 

+  0.018 

O-  on 

-f-o.  002 

— 0.004 

-U 

r 

0.  020 

0. 027 

0.  01  K 

—  0.038 

Q 

—  0.00414 

0.  08076 

-fo.  00015 

— 0.00004 

0.  OO-IOQ 

0. 08080 

0. 00327 

+  0.09105 

J 

—  0.001 

_L 

0.  o« 

+0.001 

0.000 

0.  odo 

0. 0;; 

+ 

0.  006 

-  0.059 

—  I 

7  TO 

4-  0.002 

0.  002 

4- 

0.  002 

_l_ 

0.  002 

0. 002 

—  0.002 

0 

7 — II 

—  0.00339 

0. 00688 

— 0. 00014 

— 0.  OOOOI 

0.00353 

0.00689 

+ 

0. 00285 

+  0. 00793 

I 

7  12 

+  0.002 

4- 

0. 006 

+ 

0.  002 

4- 

0. 006 

0. 002 

—  0.006 

0 

8—  2 

*  -  0.  OOOoI 

+ 

0.00125 

-|-0.  OOOOI 

+0. 00028 

— 

0. 00080 

+ 

0.00153 

+ 

0. 00105 

—  0.00137 

— I 

8  -  2 

-l-  0.012 

+ 

0. 029 

— 0. 001 

— 0. 005 

O.OII 

+ 

0. 024 

0. 013 

—  0. 035 

0 

8-  3 

  n  nn77 

— 

0. 02428 

— 0. 00276 

— 0.00086 

0. 01653 

— 

0. 02514 

+ 

0.01755 

+  0.02950 

I 

8-  4 

0.  016 

+ 

0. 002 

+0.001 

+0.  001 

+ 

0.017 

+ 

0. 003 

0.017 

—  0.003 

— I 

8-  3 

—  o-  347 

+ 

0. 022 

+0. 038 

+0.01 1 

0. 309 

+ 

0. 033 

+ 

0. 405 

—  0.007 

0 

8—  4 

_1_    0    "3  1  I  T  f 

0.01228 

+0. 01058 

— 0. 01460 

+ 

0.32173 

0. 02688 

0.  36383 

—  0.00347 

I 

8-  5 

+ 

0.  061 

— 0. 003 

— 0.  OOI 

0. 095 

+ 

0.060 

+ 

0.  Ill 

—  0.064 

—I 

8—  4 

1    0  R7n 
— p  u.  0  J\J 

2. 166 

—0. 146 

+0.  201 

+ 

0. 724 

1.965 

1.078 

+  2.472 

0 

S-  5 

  0.  O449U 

+ 

1.99985 

+0.04055 

+0.05451 

0. 80441 

+ 

2.  05436 

+ 

1. 04920 

—  2.28587 

I 

8—  6 

-(-  0.  o^z 

0.  710 

+0. 009 

— 0. 012 

+ 

0. 061 

0. 722 

0. 091 

+  0.819 

— I 

8-  5 

— |-  0.  OUI 

+ 

6.  823 

-0. 556 

-0. 752 

+ 

6.24s 

+ 

6.071 

7.650 

—  7.924 

0 

8—  6 

—  u. ^0014 

6.  52929 

—0. 13118 

+0. 05109 

6.51932 

6. 47820 

+ 

7. 20228 

+  7.59594 

I 

8-  7 

i"  2.  315 

+ 

I.  662 

+0. 023 

+0. 030 

+ 

2.338 

+ 

1. 692 

2.  629 

-  1.959 

—  I 

8—  6 

— 19.  983 

+ 

9-035 

+1.803 

— 0. 694 

— 

[8, 180 

+ 

8.341 

-\-22.  650 

—10. 093 

0 

8-  7 

— |-iy.  iuuz/ 

8.87404 

— 0. 01983 

—0. 11611 

+19. 14044 

8. 99015 

-21.73985 

+  9.93193 

I 

8—  8 

3*  oyj 

+ 

3.  208 

— 0. 054 

+0. 024 

5-747 

+ 

3. 232 

+ 

6. 480 

—  3,601 

— I 

8—  7 

—  2.  700 

—19. 744 

+0.  252 

+1.574 

2.448 

— 

[8. 170 

+ 

3.093 

-f  22.  074 

0 

8—  8 

-f-  3.40230 

+18.95337 

— 0.01287 

— 0.01628 

+ 

3.38949 

+18.93709 

3- 89187 

—21.  2OI81 

I 

8—  9 

1.  123 

5.738 

—0.010 

— 0. 039 

I- 133 

5.777 

+ 

1.289 

+  6.431 

0 —  0 

  3. 127 

2.554 

+0.  231 

+0.  200 

2.  896 

2.354 

+ 

3. 476 

+  2.871 

0 

8—  Q 

+ 

3.  25042 

— 0. 00182 

+0. 00243 

+ 

3. 22861 

+ 

3. 25285 

3.59601 

—  3-65134 

I 

8 — 10 

*>053 

I.  169 

— 0.004 

— 0. 006 

1.057  • 

1. 175 

+ 

1. 174 

+  I. 314 

— I 

8—  0 

—  0.494 

0.  007 

+0. 035 

+0. 003 

0.459 

0. 004 

+ 

0. 549 

+  0.015 

0 

8—10 

+  0.62087 

+ 

0.  I47S4 

+0. 00006 

+0. 00058 

+ 

0,  62093 

+ 

0. 14812 

0. 69044 

—  0. 17265 

I 

8— II 

—  0.  228 

0. 083 

— 0.001 

— 0. 002 

0.  229 

0. 085 

+ 

0.  253 

+  0.095 

—  I 

8  10 

—  0.041 

+ 

0. 030 

+0.003 

— 0.001 

0. 038 

+ 

0. 029 

+ 

0.046 

—  0.032 

0 

8— II 

4-  0.06913 

0.01641 

+0. 00006 

+0. 00007 

+ 

0. 06919 

0.01634 

0. 07708 

+  0.01704 

I 

8—12 

—  0.031 

0. 003 

+0. 002 

0.000 

0. 029 

0.003 

+ 

0.034 

+  0.003 

—  I 

C           T  T 
0  I  I 

0,000 

+ 

0.001 

0. 000 

+ 

0.001 

0.000 

—  0.  OOI 

0 

8  —  12 

+  0,00508 

0. 00312 

0.00000 

+0.00001 

+ 

0. 00508 

0. 00312 

0. 00577 

+  0.00369 

— 1 

Q —  2 

-J"  002 

+ 

0.001 

+ 

0. 002 

+ 

0.  OOI 

0. 002 

—  0.  OOI 

0 

9-  3 

—  0.00332 

0.00169 

— 0.  00042 

+0.  00008 

0. 00374 

0. 00161 

+ 

0. 00371 

+  0.00220 

I 

9—  4 

+  0.004 

0.000 

+ 

0.004 

0.000 

0. 004 

0.000 

—I 

9-  3 

—  0.047 

+ 

0.031 

+0. 006 

—0.  OOI 

0.041 

+ 

0.030 

+ 

0.055 

—  0.033 

0 

9—  4 

+  0.03943 

0. 02830 

+0. 00037 

— 0. 00324 

+ 

0. 03980 

0. 03154 

0.04714 

+  0.03019 

I 

9-  5 

—  0.002 

+ 

0. 020 

0.000 

— 0.001 

0. 002 

+ 

0.019 

+ 

0.004 

—  0.022 

— I 

9—  4 

—  0. 092 

0. 442 

— 0.004 

+0.045 

0. 096 

0. 397 

+ 

0. 087 

+  0.509 

0 

9-  5 

+  0.07310 

+ 

0. 40730 

+0. 01493 

+0. 00684 

+ 

0. 08803 

+ 

0. 4I4I4 

0. 06650 

—  0.47027 

I 

9-  6 

—  0.078 

0. 117 

0. 000 

— 0. 003 

0. 078 

0. 120 

+ 

0. 084 

+  0. 138 

— 1 

9-  5 

+  2. 38s 

+ 

0.530 

— 0.  206 

-0. 095 

+ 

2.  179 

+ 

0. 435 

2. 695 

—  0.662 

0 

9-  6 

—  2.23738 

0.  53064 

— 0. 03406 

+0. 03874 

2.27144 

0. 49190 

+ 

2.53222 

+  0.66261 

2l8 
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Y 

B 

G 

Arg= 

Bin. 

sin. 

COS. 

COS. 

COS. 

cos. 

Hit 

// 

// 

it 

;/ 

II 

// 

// 

// 

I     9-  7 

+  0.744 

—  0.027 

+0.  010 

+0.  004 

+  0.  754 

—  0.023 

—  0.849 

+  0.007 

-I     9-  6 

—  4. 694 

+  6.878 

+0. 470 

—0.532 

—  4.224 

+  6.  346 

+  5. 380 

—  7.680 

0     9—  7 

+  4.52390 

—  6.  57520 

— 0. 0505 1 

— 0. 07551 

+  4.47339 

—  6.65071 

—  5. 18999 

+  7.35127 

I     9-  8 

—  1. 112 

+  2.  276 

— 0. 014 

+0.018 

—  I.  126 

+  2.294 

+  I. 291 

—  2. 553 

-I     9-  7 

—  9-439 

—  12.881 

+0. 688 

+  1.039 

-  8.751 

—  II.  842 

+  10. 476 

+14.414 

0  9-8 

-f  9. 291 10 

+  12.33229 

+0. 05939 

—0.  02619 

+  9- 35049 

-|-I2.  30610 

—10. 32496 

—13.  80967 

I     9—  9 

-  3. 16s 

—  3.639 

— 0. 020 

— 0. 027 

-  3- 185 

-  3.666 

+  3.523 

+  4.085 

-I     9-  8 

+  "•377 

—  4.479 

— 0.  805 

+0.  342 

+  10.572 

—  4- 137 

— 12.  566 

+  4. 999 

o  9—9 

— 10. 77926 

+  4. 88540 

+0. 00831 

—0.  01058 

-10,  77095 

+  4^87482 

+  11.90855 

—  5.45723 

I  9—10 

+  3.  256 

—  1. 561 

+0.016 

— 0.  009 

+  3.272 

—  1.570 

—  3.602 

+  1.748 

—I     9—  9 

+  1-340 

—  2.566 

—0.095 

+0. 172 

+  1-245 

—  2.  394 

—  I. 491 

+  2.828 

o  9—10 

—  I.  73410 

+  2.73406 

—0. 00139 

— 0. 00115 

-  1.73549 

+  2.73291 

—  3.  01075 

I     9-1 1 

+  0.  628 

—  0.908 

+0. 003 

— 0. 003 

+  0.631 

—  0.  911 

—  0. 698 

+  1.003 

—I  9 — 10 

^  0.064 

—  0.384 

+0. 003 

+0. 025 

—  0.061 

-  0.  359 

+  0. 066 

+  0.424 

0     9-1 1 

—  0.00942 

+  0.49580 

— 0. 00032 

-f  0. 00008 

—  0.00974 

+  0.  49588 

+  O.OI5I5 

—  0.54704 

I  9—12 

-f  0.020 

—  0.  188 

0. 000 

0. 000 

+  0.020 

-  0. 188 

—  0.  024 

4-  0.  207 

—I  9 — II 

—  0.026 

—  0.032 

-|-o.  002 

+0.  002 

—  0.024 

—  0.030 

+  0.028 

+  0.035 

O      9 — 12 

-f  0.02472 

+  0.05371 

— 0. 00002 

+0.  00005 

+  0.02470 

+  0.  05376 

—  0.02646 

  0.  05914 

I  9-13 

—  0.006 

—  0.024 

0.000 

0. 000 

—  0.006 

—  0.024 

+  0.  006 

-|-     0.  026 

o    10—  3 

—  0.00047 

+  0.00003 

— 0. 00005 

+0. 00004 

—  0.00052 

+  0.00007 

+  0.00054 

0.  00000 

—  I    10—  3 

—  0.002 

+  0.610 

—  0.002 

+  0.010 

+  0.003 

—  0.  on 

0   lo—  4 

+  0.00266 

—  0.00662 

— 0,00019 

— 0. 00047 

+  0.00247 

—  0.00709 

—  0.  00342 

+  0.00737 

I    lo-  5 

0.000 

0. 000 

0.  000 

0.  000 

0. 000 

0. 000 

—I    10—  4 

—  0.053 

—  0.056 

+0. 002 

+0. 006 

—  0,051 

—  0.050 

+  0.058 

~\-  0. 066 

o    lo-  5 

H-  0.04837 

+  0.05150 

+0. 00330 

— 0. 00027 

+  0.05167 

+  0.05123 

—  0.05251 

—  0. 06080 

I    10—  6 

—  0.025 

—  0.006 

0.000 

0.000 

—  0.025 

—  0.006 

+  0.028 

-|-  0.008 

—I    10^-  5 

+  0.484 

—  0.  178 

— 0. 046 

+0. 004 

+  0.438 

—  0.  174 

—  0. 552 

-|-  0. 186 

o  lo —  6 

—  0.45740 

+  0. 15826 

—0. 00316 

+0.01357 

—  0.46056 

+  0.  17183 

+  0.  52214 

—  0. 16399 

I    lo—  7 

-f  0. 129 

—  0. 105 

+0. 002 

0.000 

+  0.  131 

—  0.  105 

—  0. 149 

+  0. 113 

—I    10—  6 

—  0. 095 

+  2.334 

+0. 044 

—0. 187 

—  0.051 

+  2.  147 

+  0. 154 

—  2. 614 

o  10 —  7 

+  0. 12263 

—  2. 22550 

— 0. 03264 

— 0. 01 83 1 

-f  0.08999 

—  2.24381 

—  0. 18224 

+  2.49493 

I    lo—  8 

+  0. 114 

+  0.719 

— 0. 002 

+0. 007 

+  0.  112 

+  0.  726 

—  0.  1 1 2 

—  0.  810 

—I  10 —  7 

— '  6. 236 

—  2.  681 

+0. 448 

+0.  254 

-  5.788 

—  2.427 

+  6.909 

+  3.048 

0    lo—  8 

-|-  6. 01 140 

+  2.57700 

+0. 03940 

—0. 04143 

+  6.05080 

+  2.53557 

—  6. 66624 

—  2.93199 

I    10—  9 

—  2.012 

—  0.562 

—0.014 

—0.006 

—  2.026 

—  0.  568 

+  2.236 

+  0.651 

—  I    lo—  8 

+  7.428 

—  8. 374 

—0.  543 

+0.  564 

+  6.  885 

—  7,810 

—  8. 226 

+  9.  222 

o  10 —  9 

—  7.067 

+  8.243 

+0. 02192 

+0. 02769 

—  7. 045 

+  8.271 

+  7.829 

—  9.086 

I  10—10 

+  2.057 

—  2.723 

+0.012 

— 0.014 

+  2.069 

—  2. 737 

—  2.  282 

+  3.005 

— 1  lo —  9 

+  4.  264 

+  5.929 

— 0. 289 

—0. 375 

+  3-975 

+  5.554 

—  4. 699 

—  6.481 

0  lO — lO 

—  4-479 

—  5'  497 

+0.00774 

+0. 00358 

—  4-471 

—  5.493 

+  4. 939 

+  6.008 

I  10 — II 

+  1.420 

+  1.652 

+0. 007 

+0. 007 

+  1-427 

+  1.659 

—  1.568' 

—  1.807 

—  I  10—10 

-f-  1.922 

+  0.  525 

 II  g 

 n  oic 

— u. 

-|-  1 . 804 

-4-  0  AO*? 

—  2.  103 

—  0.  5S4 

0  lO — II 

—  2.084 

—  0. 736 

-f-0. 00074 

— 0. 00085 

—  2. 083 

—  0.  737 

+  2.282 

+  0.811 

I     lO— 12 

+  0.  703 

+  0.  280 

+0.  002 

+0.001 

+  0. 705 

+  0.  281 

—  0.  770 

—  0.308 

— I  lO — II 

+  0.  276 

—  0.  113 

— 0. 017 

+0. 005 

+  0.259 

—  0. 108 

—  0.  303 

+  0. 120 

0  10—12 

—  0.36150 

+  0.07393 

— 0. 00021 

— 0.00009 

—  0. 36171 

+  0.07384 

+  0.39615 

—  0. 07774 

I  10—13 

+  0.  139 

—  0. 010 

— 0.001 

— 0.  001 

+  0. 138 

—  0.  on 

—  0. 152 

+  0.010 

FACTORS  OF  THE  SECOND  ORDER  TERMS. 


219 


V 

X 

B 

G 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H    f  i 
0  11—4 

0.00000 

/J 

4-0. 00097 

// 

0.00000 

// 

4-0. 00097 

// 

4-0.00004 

— O.OOI  10 

—I    II  -  4 

— 0.017 

—0. 004 

+0.001 

0.000 

—0.016 

—0.004 

4-0.018 

+0. 005 

0    II—  5 

4-0.  01059 

4-0.00241 

4-0. 00049 

— 0. 00033 

4-0. 01108 

4-0. 00208 

— 0.01184 

— 0. 00362 

I    n—  6 

4-0.001 

-fo.  002 

— 0. 001 

0.000 

0.000 

+0. 002 

0.000 

— 0. 002 

-I    II-  5 

+0. 057 

^.078 

— 0.007 

4-0. 005 

+0. 050 

— 0. 073 

— 0. 067 

+0. 085 

0    II—  6 

— 0. 05602 

4-0.07047 

-fo.  00084 

4-0. 00298 

— 0. 05518 

+0.07345 

+0. 06550 

— 0. 07710 

I    n—  7 

+0.008 

— 0, 030 

0.000 

—O.OOI 

+0. 008 

— 0. 031 

— 0.010 

+0. 033 

—I    II—  6 

4-0.  266 

4-0. 472 

— 0.012 

—0.042 

+0.  254 

+0.430 

— 0. 285 

—0.533 

0    II-  7 

—0.  2459 

— 0. 4521 

— 0. 01 122 

— 0. 00026 

— 0.  2571 

—0.4524 

+0.2631 

+0.  51 10 

I    n—  8 

4-0.  124 

4-0. 122 

4-0.001 

+0.001 

+0. 125 

+0. 123 

—0.  135 

— 0. 140 

—I    II—  7 

— 2. 076 

4-0. 286 

+0.  153 

+0. 004 

—1.923 

+0.290 

4-2.306 

— 0. 285 

0    II—  8 

4-1,998 

—0. 2633 

4-0. 00774 

— 0. 02506 

+2.006 

— 0. 2884 

— 2.221 

4-0. 2606 

I    II—  9 

— 0.  628 

4-0.214 

—0.004 

4-0.001 

— 0. 632 

+0.215 

4-0.  700 

— 0. 226 

—I    II—  8 

4-1. 081 

-5.217 

— 0. 108 

+0. 344 

+0. 973 

-4. 871 

— I.  233 

+5.732 

0    II—  9 

—  1. 027 

4-5.007 

4-0. 03033 

+0.01796 

— 0. 997 

+5.025 

+  1. 173 

—5.510 

I    II— 10 

4-0. 142 

-1.587 

-fo.  002 

— 0. 008 

+0. 144 

-1.595 

—0. 171 

+  1-754 

—I    II—  9 

4.6.645 

+  1-343 

—0, 412 

— 0.  248 

+6. 233 

+1.095 

—7.264 

— I.  710 

0    II — 10 

—6.534 

—3.462 

— 0. 01 132 

+0.01530 

-6.  545 

-3-447 

+7. 147 

+3-  802 

I     II  —  u 

4-2.123 

+3-331 

+0. 010 

+0. 005 

+2. 133 

+3.  330 

—2. 324 

-3-428 

—I    1 1— 10 

— 2. 714 

+3'  243 

+0. 154 

— 0. 202 

 2, 560 

1    ■>    f\A  T 

+2.938 

-3. 546 

0   1 1  1 1 

_L2  412 

— 0.  OOIOI 

+0. 00503 

J.  JV^ 

—2. 609 

+3-  707 

I    1 1 —1 2 

— 0.  711 

-Li  I C7 

—O.OOI 

+0. 005 

 712 

-4-1  ICS 

+0. 769 

—1.252 

 I    1 1  1 1 

 0.067 

_L  I  ■JO'2. 

+0.004 

—0.074 

 0.  061 

-4-1  220 

+0. 076 

—  1. 416 

0    1 1  12 

_Lo  1606 

+0.00019 

— 0.00052 

+0.  i6o8 

— 0. 1760 

+1-555 

1       H  IJ 

 070 

0.000 

4-0. 002 

— 0. 070 

-4-0  AQQ 
-j-v.  ^yy 

+0. 076 

—0.  541 

-I      12-  5 

— O.OOI 

— 0. 013 

0.000 

+0. 002 

— 0. 001 

--O.OII 

0.000 

+0. 015 

0     12 —  6 

—0.001 15 

+0. 01502 

+0.00044 

4-0.00044 

— 0. 00071 

+0.  01546 

+0. 00207 

— 0.01669 

I      12 —  7 

— 0. 003 

— 0. 006 

0.000 

0. 000 

— 0. 003 

— 0. 006 

+0.003 

4-0. 007 

—  I     12—  6 

4-0. 107 

+0. 052 

— 0. 006 

— 0. 006 

+0.  101 

+0. 046 

— 0. 116 

— 0. 061 

0     12—  7 

—0. 09298 

-0.05255 

— 0, 00244 

+0. 00129 

—0. 09542 

— 0. 05126 

+0. 10147 

-f  0. 06083 

I      12—  8 

+0.033" 

+0. 005 

0. 000 

0. 000 

+0.033 

+0. 005 

— 0. 037 

— 0.007 

—  I      12 —  7 

— 0.424 

+0.  361 

+0. 034 

— 0. 019 

— 0. 390 

+0. 342 

+0. 474 

— 0. 389 

0     12—  8 

4-0. 4020 

— 0. 3307 

— 0. 00166 

— 0.00862 

+0. 4003 

3393 

—0.  4502 

+0-  3563 

I     12 —  9 

—0.095 

+0. 133 

— 0.  002 

+0. 001 

— 0. 097 

+0. 134 

+0. 109 

—  0. 145 

—  I     12—  8 

—0.632 

-1-759 

+0.  02^ 

+0. 1 1  g 

— 0. 609 

—1. 640 

+0. 669 

+1.935 

0     12 —  9 

4-0. 5847 

+1.676 

+0.  oi8i«i 

+0.  001 '1 1 

+0. 6028 

+  1.689 

^.6185 

—1.845 

I  12—10 

—0. 263 

— 0.482 

— 0.  OO'l 

 0.  004 

—0. 266 

—0. 486 

-f  0.  281 

+0.  534 

—  I      12 —  9 

4-4. 171 

— 0. 089 

— 0. 249 

 0.019 

+3-  922 

— 0. 108 

—4.  540 

+0. 064 

0     12 — 10 

—3-  974 

+0. 081 

—0. 00626 

-fo.  02100 

—3. 980 

+0. 102 

+4. 330 

— 0.  o$o 

I     12— II 

4-1. 190 

— 0. 126 

+0.009  • 

— 0.  003 

+  1.199 

— 0. 129 

—  1. 301 

+0. 128 

—  I  12—10 

-1. 357 

+5.235 

4-0. 090 

—0.  285 

— 1. 267 

+4. 950 

+  1.485 

-5.656 

0     12 — II 

4-1. 218 

—4. 984 

—0. 01046 

— 0. 00288 

4-1.208 

-4. 987 

—1.332 

+5.391 

I  12—12 

—0.314 

4-1.444 

—0. 001 

+0. 014 

—0.315 

+  1.458 

+0. 344 

-1.567 

—  I     12— II 

—2. 673 

— 0.  881 

+0. 134 

-f-o.  042 

—2. 539 

—0.839 

4-2.  872 

4-0. 940 

0  12—12 

4-2. 587 

+0. 664 

+0. 00034 

— 0. 00093 

+2.587 

+0. 663 

—2.  782 

—0. 706 

I  12—13 

-0.  742 

— 0. 166 

— 0. 008 

0.000 

— 0.  750 

— 0. 166 

+0.  801 

+0. 176 
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In  order  to  get  the  value  of  C  we  need  that  of  T.  This  can  be  got  by  making 
y  equal  to  g  in  the  expression  for  taking  care  to  derive  the  terms  involving  i  2y, 
db  3y»  etc.,  by  means  of  the  process  noted  at  page  74,  or  more  readily  by  the 
equation 

^~ndt\dt 

For  Jupiter  we  have  the  following  expression : ' 


T 

Arg=t'^'+i^; 

T 

sin. 

COS. 

sin. 

COS. 

I' 

{ 

// 

// 

i'  i 

// 

// 

0 

0 

— 0, 0246 

5—  I 

— 0. 0008 

— 0. 0085 

0 — 

I 

+  0.0380 

+0. 1732 

5 —  2 

+0.0747 

+0. 0569 

0— 

2 

—  0.0148 

— 0.0094 

5—  3 

— 0. 6815 

+0. 2266 

0— 

3 

+  0.0005 

—0. 0010 

5—  4 

+0. 4213 

—2.  7627 

1  + 

3 

—  0.0003 

— 0. 0014 

5-  5 

+3.6051 

+2.  0622 

1  + 

2 

4-  0.0019 

— 0. 0017 

5—  6 

+0.5123 

—0.0737 

1  + 

I 

+  0.001 1 

+0. 0281 

5-  7 

+0.0349 

—0. 0284 

0 

—  0.0660 

—0. 3208 

5—  8 

+0. 0018 

—0. 0036 

I — 

I 

+  0-47" 

+2.4190 

6—  I 

— 0. 0007 

—0.0004 

I — 

2 

+  0.  2573 

—0. 2053 

6-  2 

+0.0127 

+0. 0002 

I— 

3 

+  0.0197 

— 0. 0221 

6-  3 

— 0. 0702 

+0. 0997 

I  — 

4 

-f  0.0014 

— 0. 0004 

6 —  4 

—0. 2997 

—0. 6185 

2+ 

I 

+  0.0020 

+0. 0034 

6-  S 

+2.0516 

—0, 0729 

2 

0 

—  0. 1 181 

— 0. 0140 

6—  6 

— 0.  6981 

+2.  3083 

2 — 

+  2.3998 

—0. 5665 

6-  7 

+0. 1288 

+0.  3483 

2  

2 

—15.0620 

+6. 4637 

6-  8 

+0. 0296 

+0. 0223 

2— 

3 

—  0.3040 

+0. 6788 

6-  9 

+0. 0033 

+0.0013 

2 — 

4 

+  0.0073 

-|-o.  0396 

7 —  2 

+0. 0012 

— 0. 0007 

2— 

5 

+  0.0004 

+0.0017 

7-  3 

+0.0001 

+0.0183 

3+ 

I 

^  o.  0004 

7—  4 

— 0. 1 169 

—0. 0658 

3 

0 

—  0.0215 

+0.  0077 

7—  5 

+0. 4829 

—0. 3396 

3— 

+  0, 3784 

— 0.  3219 

7—  6 

+0.  3286 

+I.385I 

3- 

2 

—  1.6395 

+3.4109 

7-  7 

—1.3668 

—0. 0836 

3— 

3 

—  6.4194 

— 9.  0498 

7-  8 

— 0,  2099 

+0.1347 

3- 

4 

—  0.  7658 

—0. 1943 

7—  9 

— 0. 01 1 1 

+0. 0253 

3— 

5 

—  0.0466 

+0.0133 

7—10 

— 0. 0022 

+0. 0029 

3— 

6 

—  0.0019 

+0.0014 

8—  2 

0.0000 

— 0. 0004 

4 

0 

—  0.0024 

+0.  0019 

8-  3 

+0.0012 

+0. 0020 

4— 

I 

+  0.0272 

— 0. 0643 

8-  4 

— 0. 0228 

+0.0016 

4— 

2 

+  0, 1581 

+0.6183 

8-5 

+0. 0484 

— 0. 1220 

4— 

3 

—  3.3166 

—1. 0972 

8-  6 

+0. 3348 

+0.3331 

4— 

4 

+  4. 6773 

—5. 1280 

8-  7 

— 0. 8581 

+0. 4017 

4— 

5 

+  0.0386 

— 0.  6765 

8—  8 

—0. 1352 

— 0.  7512 

4— 

6 

—  0.0233 

—0.0439 

8-9 

—0. 1 156 

—0. 1 161 

4— 

7 

—  o.ooi6 

— 0. 0016 

8—10 

— 0. 0201 

— 0.0041 

8-1 1 

— 0. 0016 

+0. 0016 

5 

0 

—  0.0002 

+0. 0004 
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Avg=i'g'-\-ig 

T 

Arg=i'^'-fi^ 

T 

sin. 

COS. 

sia- 

COS. 

i'  i 

// 

// 

i'  { 

// 

9 —  3 

-fo.  0004 

-f  0. 0001 

+0. 0104 

— 0. 0024 

9_  4 

— 0. 0029 

-f  0. 0021 

11— S  — 

_ — 0. 0008 

0.0000 

9 —  5 

— 0. 0052 

— 0. 0249 

II—  6 

-f  0. 0030 

—0. 0035 

9-  6 

-4-0.  IIK2 
i^'  '  '  J** 

-f  0.  02?4 

f  f   »T 

II —  7 

-f  0. 01 1 1 

-f  0. 0206 

9-  7 

— 0.  iQQt; 

-f  0.  2Q^7 

II   8 

— 0. 0786 

+0.01 1 1 

9-  8 

— 0,  '1608 

— 0.  4862 

11 —  9 

+0.0347 

—0. 1764 

9—  9 

-fo.  3812 

—0.  1737 

1 1  —10 

+0. 2095 

-f  0. 1 142 

9 — 10 

— 0.  0880 

1 1 — 1 1 

—0.0703 

+0. 0986 

9— II 

— 0. 0007 

^— 0. 0147 

1 1  1 2 

— 0. 0045 

+0. 0386 

9—12 

— 0. 0008 

—0.0017 

12—  6 

0008 

10—  4 

—0.0001 

+0. 0005 

12-  7 

+0.  0043 

-f  0. 0020 

10 —  5 

—0. 0028 

— 0. 0031 

12—  8 

—0.0158 

+0.0130 

lo—  6 

+0. 0231 

— 0. 0087 

12—  9 

—0. 0200 

—0. 0567 

lo—  7 

— 0. 0042 

-f  0. 0996 

12—10 

-f  0. 1 224 

— 0.0016 

lo—  8 

—0. 2384 

—0. 1005 

12 — II 

—0.0345 

+0. 1382 

lo—  9 

-j-o.  2481 

—0. 2919 

12—12 

— 0. 0652 

— 0. 0172 

ID— 10 

-f  0. 1428 

+0. 1774 

10— II 

-fo.  0614 

-f  0. 0209 

The  four  factors  C,  D,  E,  and  H  for  Jupiter  have  then  the  expressions 


C 

D 

E 

H 

Arg=Ky+iy+ifir 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

K 

i'  i 

// 

II 

// 

// 

// 

// 

// 

// 

0 

0  0 

+0. 0736 

— 0.  Ill 

0 —  I 

— 0. 002 

— 0. 082 

+0.  02 

— 0. 11 

— 0.04 

+0.  21 

— 0.  02 

+0.  14 

0  0 

+0. 074 

+0. 340 

— I.  40 

—3-  19 

+0.50 

—I-  13 

+  1.18 

+2-  73 

0 

0—  I 

—0.  1488 

— 0. 6692 

+0. 750 

+  1.694 

— 0. 720 

+  1.694 

-0.  547 

—1.273 

0 —  2 

+0. 076 

+0. 336 

+0.41 

+0-  93 

+0. 50 

—1.13 

—0.4s 

—1.02 

—  I 

0 —  I 

— 0. 028 

— 0.  020 

—0.32 

+0.  24 

+0.04 

+0. 10 

+0-43 

—0.37 

0 

0 —  2 

+0.0534 

+0.0138 

+0.  212 

— 0. lOI 

—0. 106 

— 0. 051 

— 0. 304 

+0.  225 

I 

0-  3 

—0.  026 

0.000 

+0.  06 

— 0. 04 

+0.08 

+0. 02 

— 0. 05 

+0.03 

—  I 

0 —  2 

0.000 

— 0. 002 

+0.01 

+0.01 

— 0.04 

— 0.04 

0 

0-  3 

— 0.0012 

+0. 0044 

— 0.  007 

—0. 013 

+0. 002 

— 0.004 

+0. 014 

+0, 025 

I 

0—  4 

— 0.002 

—0. 004 

1+  3 

—0.  0004 

— 0.  0022 

— 0. 002 

+0.001 

I 

1+  2 

0.  000 

0. 000 

—  I 

1+  3 

+0.004 

— 0.  002 

0. 00 

+0.01 

— 0. 02 

0.00 

0 

1+  2 

— 0. 0048 

+0.0016 

+0.015 

+0. 022 

+0. 008 

— 0.  on 

— 0. 022 

— 0. 040 

I 

1+  I 

+0.004 

— 0.  002 

— 0. 02 

— 0.04 

+0.01 

+0. 02 

+0.03 

+0.07 

—  I 

1+  2 

— 0. 002 

+0. 038 

+0. 16 

—0. 15 

— 0. 12 

— 0.  II 

— 0. 19 

+0.17 

0 

1+  I 

+0.0014 

— 0. 0810 

+0.  188 

—0.153 

+0. 188 

+0. 153 

— 0,  230 

+0. 133 

I 

I  0 

+0.  002 

+0. 056 

— 0.42 

+0. 35 

—0. 18 

— 0. 07 

+0.49 

-0. 35 

1+  I 

— 0. 084 

— 0. 410 

-1.63 

—1. 17 

+0.  76 

-0.51 

+  1.82 

+1-30 
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C 

D 

E 

H 

Avg—Hy+i'g'+tg 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H 

i'  % 

// 

// 

// 

// 

// 

tt 

// 

0 

I  0 

+  1942 

+  0.9314 

0.  000 

0. 000 

— I. 119 

+0.  777 

0.000 

0.000 

I 

—  0.  130 

—  0. 035 

-fl.  03 

+  1. 17 

+0.  76 

—0.51 

—1.82 

—1.30 

I  o 

+  0.964 

-|-  4*  012 

-fo.  32 

—0. 35 

—0.  16 

— 0.09 

— 0. 45 

+0. 32 

o 

1—  I 

—  I . 91 I 2 

—  9.  S996 

 0.  103 

_Lr*   f  "^R 

i-o. I/O 

+0. 183 

+0. 178 

+0.  299 

—0. 147 

I 

I —  2 

+  0.  936 

— |-  4*  oOZ 

0.  00 

-f  0.09' 

—0.  16 

— 0. 14 

— 0. 07 

— 0. 10 

— I 

I —  I 

+  0. 

—  0.  410 

t  '^R 
—3*  30 

+0.  72 

+0.80 

-ho.  18 

+4.65 

— 0. 99 

0 

I —  2 

■f-  0.4750 

379 

—1. 184 

— 0.  256 

—3-  630 

+0.  789 

I 

I—  3 

+  0.558 

—  0.  176 

-1-0.  21 

— 0.  04 

+0.79 

-ho. 17 

+0. 20 

— 0. 07 

— I 

I —  2 

+  0.038 

—  0. 044 

+0.  06 

+0. 23 

— 0. 04 

-ho.  03 

— 0. 12 

— 0. 33 

0 

I—  3 

—  0. 1 196 

4-  0. 1018 

+0.039 

— 0. 167 

— 0.012 

— 0. 056 

-0.047 

-ho.  271 

I 

I—  4 

-l-  0.066 

—  0.052 

— 0.04 

—0.03 

+0. 02 

-ho.  04 

-ho.  06 

— O.OI 

—I 

I—  3 

-l-  0.006 

+  0,002 

0.00 

— O.OI 

—0.02 

-ho.  01 

0 

I—  4 

—  0.0100 

+  0.0070 

— 0. 005 

— 0. 001 

-fo.  001 

0.  000 

+0. 009 

-ho.  001 

I 

I-  5 

+  0.006 

—  0.004 

0. 00 

0.00 

— I 

24-  2 

0.  000 

-j-  0.  ooo 

+0. 03 

— 0. 02 

0. 00 

— 0.04 

+0.  OI 

0 

2-1-  I 

—  0. 0012 

—  0.  0102 

— 1-0. 029 

'-—  o»  000 

+0. 029 

-ho.  006 

— 0. 040 

+0. 002 

2  O 

-|-  0.  C04 

-y-  0.  OOo 

— 0. 07 

0. 00 

— 0. 02 

+0.  01 

-ho.  10 

— 0,01 

_! 

2-]-  I 

—  0.  Ooo 

—  0.  040 

—0.  20 

— 0. 44 

-|-o.  06 

— 0. 19 

-ho.  26 

+0.  50 

o 

2  O 

-r  0. 2330 

— |-  0.0914 

0. 000 

0. 000 

— 0. 081 

+0. 301 

0.000 

0.000 

2 —  I 

—  0. 238 

  0.  028 

+0.  24 

+0. 40 

0. 00 

—0.  25 

— 0.  28 

— 0. 48 

_J 

2  0 

+  3-344 

—  0.  506 

— 2.44 

+2. 32 

+0. 88 

-ho.  83 

+1.85 

-1.78 

0 

2 —  I 

—  7.4004 

+  1.3272 

+1. 3^6 

—  I.  231 

—1. 316 

—1. 231 

—0.  828 

+0. 823 

2 —  2 

+     4.  704 

—  I . 1 30 

+0.  71 

— 0.  05 

+0.  87 

+0.83 

-0.77 

+0. 68 

— I 

2 —  I 

 30.  116 

—Li**  rt*TR 
4-12.  970 

— 0. 64 

 0.  5  * 

+0.  II 

—0.15 

+0.83 

+0. 66 

o 

2 —  2 

+59-  9440 

— 25.  5074 

+0. 476 

+0.  333 

—0.  238 

+0.  166 

— 0. 637 

-0.487 

I 

2—  3 

— 29.  050 

-|-I2.  500 

+0. 04 

— 0. 04 

+0.17 

—0. 13 

+0. 01 

+0. 12 

— I 

2—  2 

—  0.  005 

+  i'35o 

+0. 01 

1  ^  00 
-|-2.  00 

— 0. 01 

+0.51 

— 0. 03 

—4.27 

o 

2—  3 

+  3-  3796 

—  3' 6526 

— 0. 007 

— 2.  240 

-|-o.  002 

—0.  749 

-ho.  017 

+3. 622 

I 

2—  4 

  2.  046 

4-  1.078 

0. 00 

-1-0.  1"? 

0.00 

+0. 50 

0.00 

—0.58 

—I 

2-  3 

+  0.014 

-1-  0.078 

+0.  n 

+0. 05 

— O.OI 

— 0. 01 

—0. 18 

— 0. 06 

0 

2—  4 

-|-  0.  I2O0 

—  0.  3008 

—0. 074 

— 0. 124 

-I-0.0I9 

— 0. 031 

-ho.  1 26 

+0. 195 

I 

2-  5 

—  0.094 

+  0.178 

—0. 01 

+0.04 

— O.OI 

+0.03 

0.00 

— 0. 08 

— I 

2—  4 

0.  000 

+  0.006 

o 

2-  5 

+  0.0030 

—  0.0224 

0.000 

— 0. 003 

-ho.  001 

4-0.004 

I 

2—  6 

—  0.006 

4-  0.012 

0. 000 

-|-  0. 002 

— O.OI 

—O.OI 

0 

3+  I 

—  0. 0004 

—  0. 0014 

-j-o.  003 

-j-0. 001 

+0. 003 

—0.001 

— 0. 005 

— 0. 002 

3  o 

-|-  0. 002 

0. 000 

+0.01 

+O.OI 

3-h  I 

—  0.018 

—  0. 006 

-|-o.  01 

—0. 09 

— O.OI 

—0.03 

— 0.  01 

+0.  II 

0 

3  0 

+  0.0436 

—  0.0046 

0.000 

0.000 

+0. 013 

+0.049 

0.000 

0. 000 

3—  I 

—  0.042 

+  0.016 

-|-O.OI 

+0.09 

— 0. 03 

— 0. 03 

0.00 

—  0.  1 1 

—I 

3  o 

+  0. 564 

—  0. 360 

-0.  89 

+0. 23 

+0.  28 

+0.09 

-ho.  80 

— 0.  23 

o 

3—  I 

—  1.2302 

-I-  0.S582 

+0. 432 

— 0. 114 

—0. 432 

— 0. 114 

— 0. 342 

4-0. 098 

3-  2 

+  0.  752 

—  0. 644 

+0. 27 

—0. 13 

+0. 30 

+0. 04 

—0.32 

+0.13 

—I 

3—  I 

-  3.896 

+  5. 948 

-hi.  70 

+2.76 

— 0. 42 

+0.  65 

-1. 17 

-1.83, 

o 

3—  2 

+  7.4394 

—  12.  2874 

—1. 185 

-1. 951 

+0.  592 

—0. 976 

+0. 738 

4-1. 140 
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C 

D 

E 

H 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H 

V 

i 

// 

// 

// 

// 

// 

// 

1 

1 — 

1 
J 

-  3.238 

+  6.  782 

— 0. 08 

— 0. 19 

— 0. 41 

+0.  64 

+0. 16 

+0.33 

1 

'5— 

2 

—12.898 

— 18.096 

—0.  69 

+0.  73 

-ho.  13 

+0. 10 

+0.90 

—  1. 00 

0 

'1 — 
0 

-I-26. 0246 

+35-  7348 

+0. 492 

— 0. 636 

—67164 

—0.  212 

—0.725 

+0.  847 

I 

3— 

4 

—12. 980 

—17.752 

—0.07 

+0.05 

+0.13 

+0.  15 

+0.  18 

— 0.08 

—I 

3— 

3 

—  1-538 

—  0. 300 

-j-2.  12 

+0. 43 

— 0.  30 

+0.  05 

—3-  31 

— 0.  00 

0 

3- 

4 

-I-  4.0086 

-I-  2.o?o8 

— 1 . 748 

— 0. 27Q 

+0.  4'?7 

— 0.  OQC 

+0.618 

I 

3- 

5 

—  2,  1^6 

—  I . 240 

-1-0.  04 

— 0.  20 

-l-o.  06 

—0.58 

— 0. 14 

— I 

3— 

4 

  0. 096 

+  0.028 

-\-0.  OQ 

0.  00 

0. 00 

0. 00 

— 0.  1'? 

-l-o.  01 

0 

3- 

S 

-i-  0.  ^478 

-1-  0.0278 

— 0. 141 

— 0. 012 

-ho.  028 

— .  0002 

4-0.  212 

4-0. 017 

I 

3- 

6 

—  0.  202 

—  0.  o'i8 

-l-o.  o-? 

1 

-|-0.  02 

— 0. 02 

0. 00 

— 0. 07 

— 0,  0^ 

— I 

3— 

5 

—  0.  002 

-I-  0. 004 

-  0.  01 

0.  00 

0. 00 

0. 00 

0 

3- 

6 

0.0258 

—  0. 0048 

-0. 007 

— 0.  004 

+0. 01 1 

+0. 006 

I 

3— 

7 

—  0.  014 

0. 000 

— 0.  01 

0. 00 

—  1 

4-1- 

I 

—  0.004 

0.000 

0.00 

+0.01 

0 

4 

0 

4-  0.0052 

—  0.0032 

0.  000 

0.  000 

-ho.  005 

+0.006 

0.000 

0.000 

I 

4 — 

I 

—  0.004 

+  0.006 

0.00 

-O.OI 

— I 

A 
*T 

0 

+  0.056 

—  0.076 

—0. 17 

— 0. 03 

+0.05 

— 0.  01 

+0. 18 

+0.05 

0 

4 — 

I 

—  0. 1076 

+      0.  1782 

+0. 075 

-I-0.0I9 

—0.075 

+0.  019 

— 0.  069 

— 0. 016 

I 

4 — 

2 

+  o-  054 

—     0.  128 

+0.07 

— 0. 01 

+0.05 

— 0. 08 

— O.OI 

I 

-(-  0.020 

+  I.  100 

+0. 07 

+I-I3 

— a.  02 

+0.  26 

— 0. 08 

— 0. 90 

0 

4 — 

2 

—  0. 1892 

—  2. 2696 

— 0.044 

-0. 767 

-ho.  022 

-0.  384 

+0.  04300 

+0. 55060 

I 

+  0.  320 

+  1.230 

— 0. 07 

— 0. 09 

-ho.  02 

+0.  27 

+0.  05 

+0. 14 

—  I 

2 

-  6.174 

—  2.688 

+2.44 

— 0. 87 

— 0. 43 

— 0.  17 

-1.47 

+0.57 

0 

4 — 

-I 

4-12. 5690 

+  5-0446 

—1.924 

+0. 663 

-ho.  641 

+0.  221 

+  1.039 

— 0. 394 

I 

4 — 

4 

—  6.612 

—  2. 132 

+0.  II 

-0. 05 

— 0. 42 

—  0.  16 

+0.  II 

0.00 

—I 

A  

0 

+  9-  350 

—10.  310 

+0. 67 

H-0. 78 

— 0. 07 

+0.  II 

— 0. 88 

-1.05 

0 

4 — 

4 

—18.  2386 

+20.  7634 

— 0. 611 

—0. 611 

+0.153 

—0.153 

+0.801 

+0.895 

I 

4— 

S 

+  9.026 

—10. 346 

-i-0. 07 

-j-O.  10 

— 0.  II 

+0.  II 

—0.  12 

— 0. 23 

— I 

4— 

4 

-!-  0.  074 

—  I. 1^4 

+0.  6-1 

—  1 . 40 

—0. 06 

 0  17 

 0.  q8 

0 

4— 

5 

—  0. 8048 

-}-  3-4620 

-0.551 

-hi.  178 

-ho.  1 10 

+0.  236 

+0.918 

—2.  003 

I 

4— 

6 

+  0.510 

—  1.852 

+0.09 

— 0.  20 

— 0. 07 

—0.  16 

—0.  22 

+0.  46 

— I 

4— 

5 

—  0.048 

—  0.088 

+0. 06 

— 0. 09 

— 0.  01 

0.00 

— 0.07 

+0.13 

0 

4— 

6 

+  0. 0574 

+  0.3134 

— 0. 066 

+0. 115 

+0.01 1 

+  0.  019 

+0.  1 1 1 

— 0. 194 

I 

4— 

7 

—  0.022 

—    0.  180 

+0. 02 

— 0. 03 

— 0.  01 

—0. 01 

— 0.  04 

+0.07 

— I 

4— 

6 

—  0.004 

  0.006 

+0. 01 

0. 00 

— 0.  01 

0.00 

0 

4— 

7 

+  0.0134 

+  0.0234 

— 0. 008 

-f  0.006 

+0.013 

— 0.  010 

I 

4— 

8 

—  0.006 

  0.014 

— O.OI 

+0.01 

0 

5 

0 

+  0.0004 

—  0.0004 

0. 000 

0.006 

0.000 

0.000 

— I 

5 

0 

-f-  0.002 

—  0.012 

— 0. 02 

— 0. 02 

+0.01 

— 0. 01 

+0.03 

+0. 03 

0 

5- 

I 

—  0.0026 

+  0.0239 

+0.008 

+0. 008 

— 0. 008 

+0. 008 

—0.009 

— 0.008 

I 

s- 

2 

—  0.004 

—  0.018 

0.00 

0. 00 

+0.01 

— O.OI 

—O.OI 

— O.OI 

— I 

s- 

I 

+  O.0S6 

+  0.  124 

— 0. 12 

+0.  23 

+0.  02 

+0. 05 

+0.  II 

— 0.  21 

0 

s- 

2 

—  0.2042 

—  0.  2405 

-1-0. 070 

—0. 147 

—0.035 

— 0. 074 

—0. 054 

+0.  121 

5- 

3 

+  0. 148 

+  0. 114 

— 0.  01 

—0.04 

+0. 03 

+0.05 

—O.OI 

+0.05 

—I 

s- 

2 

—  1.302 

+  0. 196 

-f-1. 16 

-ho.  18 

— 0. 19 

+0.03 

— 0.  84 

— 0.  II 

0 

5- 

3 

+  2.  6286 

—  0.5290 

—0.  872 

—0. 130 

+0.  291 

-0.043 

+0. 584 

+0. 074 
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n 

D 

*E 

H 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H    i'  i 

// 

// 

// 

// 

// 

// 

// 

I      K —  4 

—  I.  '?'J4 

+  0.460 

+0.01 

+0. 05 

—0.  19 

+0. 05 

+0. 06 

— O.OI 

4-  I.  lOO 

— 0.  23 

—  1.84 

-ho.04 

— 0.  26 

+0. 16 

+  1. 00 

—  2.  1 1 18 

4-10. 7212 

-f  0. 168 

+  1.533 

— 0. 042 

+0. 383 

— 0.  100 

— 0.  747 

I      K —  K 

4-  o.  776 

—  "J.  406 

— 0.  04 

— 0.  19 

+0.04 

— 0.  26 

+0. 03 

— 0. 02 

 I       e —  4. 

-(-  7.2i;6 

4-  4.  1 14 

+0.  76 

— 0, 48 

— 0. 09 

—0. 04 

—1.06 

+0.  63 

— 14.  ^^22 

—  7.  8410 

—0.  650 

+0. 467 

+0.  130 

+0. 093 

+0. 940 

— 0.  596 

4~  7.2^8 

+  3.858 

+0-13 

— 0. 07 

— 0. 09 

— 0.  06 

—0. 23 

+0. 12 

—  0. 1  ';2 

— 0. 83 

— 0.  60 

+0.09 

— 0. 06 

+1.35 

+0. 99 

0  6 

  2.  5884 

-|-  0. 0268 

+0.  698 

+0.  553 

— 0.  116 

+0. 092 

— I.  214 

935 

I     5-  7 

+  1-376 

+  0.034 

—0.13 

— 0. 12 

+0. 08 

— 0.  06 

+0.  29 

+0.  22 

"I  5-6 

+  0.068 

—  0.058 

— 0. 06 

— 0. 08 

+0. 01 

— O.OI 

+0.09 

+0.  II 

o     5-  7 

—  0.  2384 

+  0. 1118 

+0. 074 

+0. 087 

— 0.  on 

+0. 012 

— 0.  127 

— 0. 149 

I     5-  8 

+  0.  136 

—  0. 054 

— 0. 02 

— 0. 02 

+0.01 

— 0. 01 

+0. 05 

+0.06 

-I     5-  7 

+  0.006 

—  0.004 

— O.OI 

0. 00 

0     5-  8 

—  0.0156 

-|-  0.0146 

+0.  C03 

+0.010 

— 0.006 

— 0. 017 

I     5-  9 

+  O.OIO 

—  0.006 

0.00 

+0.01 

—I     6  0 

—  0.002 

—  0. 002 

0     6—  I 

4-  0. 0006 

4-  0.  oo'^o 

I       6—  2 

—  0. 002 

—  0.  002 

—I     6—  I 

+  0.018 

-|-  0.006 

+0. 01 

4-0. 01 

+0.04 

— 0. 02 

0  6—2 

—  0.0394 

—  0.  0102 

+0. 023 

—0. 016 

— 0.  on 

— 0. 008 

—0. 020 

+0.015 

I     6—  ^ 

-l-  0.  026 

-j-  0.  002 

— 0. 02 

0. 00 

+0.  OI 

+0. 01 

— 0. 02 

0.00 

—  I       6—  2 

—  0. 162 

4-  0.  142 

+0.  24 

+0. 18 

— 0. 04 

+0.03 

—0.  20 

— 0. 14 

0  6—3 

+  0. 1088 

—  0.  3084 

—0.179 

—0.135 

+0. 060 

—0.045 

+0. 137 

+0. 098 

I      6—  4 

—  0.  140 

4-  0. 1 08 

— 0. 01 

+0. 02 

— 0. 04 

+0. 04 

+0.  02 

— 0. 02 

—I     6—  1 

—  0.  402 

—  I.  2'?0 

+0. 35 

-0.  97 

— 0. 05 

—0.13 

—0.  22 

+0.65 

o  6 —  4 

4-  0.  Q184 

4-  2. 4?^o 

— 0. 291 

+0.  781 

+0. 073 

+0.195 

+0. 172 

— 0. 495 

I     6—  ? 

—  0.  606 

  I.  224 

+0.05 

— 0. 07 

— 0.  06 

-0. 13 

— 0.  02 

+0.01 

—  I       6—  4 

4-  4. 0'?4 

-j-  0. 080 

— 1. 21 

— 0. 12 

+0. 14 

—0.  01 

+0.56 

+0. 06 

o     6—  ? 

—  8.0618 

4-  0.0418 

+  1.048 

+0. 131 

—0.  210 

+0. 026 

-0. 437 

— 0. 056 

I     6—  6 

4-  4.  072 

—  0.  204 

— 0. 19 

— 0. 02 

+0.14 

-0.  02 

+0.  01 

—0. 02 

—  I       6—  K 

—  1.382 

4-  4.  646 

— 0.  28 

—0. 69 

+0.  02 

— 0. 07 

+0.37 

+0. 95 

o  6—6 

~\-  2.  4706 

  9.  2720 

+0.  280 

+0. 611 

— 0. 047 

+0.  102 

—0.  347 

—0. 867 

I     6—  7 

—  I.  200 

4-  4t  S08 

— 0. 05 

-0.13 

+0. 03 

— 0. 07 

+0. 05 

+0.  23 

 I     6_  6 

4-  0  2i;6 

_|_  696 

— 0. 49 

+0. 42 

+0.  04 

+0. 03 

+0. 83 

— 0.  71 

0  6—7 

 0.4288 

—  I . 7272 

+0. 460 

-0.358 

— 0.  066 

—0. 05 1 

—0.  789 

+0,  640 

I     6-  8 

+  0.  200 

+  0.918 

— 0. 12 

+0. 08 

+0.04 

+0. 03 

+0.  21 

—0. 17 

-I     6-  7 

+  0. 058 

+  0.050 

— 0. 07 

+0. 02 

+0.  01 

0.00 

+0. 13 

— 0. 04 

0  6-8 

—  0, 1282 

—  0,  1596 

+0. 084 

-0. 035 

—O.OI  I 

—0. 004 

—0. 145 

+0. 062 

I  6 —  9 

+  0.066 

+  0.090 

— 0. 03 

+0. 01 

+0.01 

0. 00 

+0.05 

— 0, 02 

—I     6-  8 

+  0.004 

0.000 

— O.OI 

0. 00 

0,00 

0.00 

0  6 —  9 

—  0.0154 

—  0.0084 

+0,010 

0.000 

— 0,016 

+O.OOI 

I  6—10 

+  0.006 

+  0.006 

+0.01 

0,00 

—I     7-  I 

0.000 

0,000 

O  7-2 

—  0.0048 

+  0.0022 

+0,004 

0.000 

— 0.004 

+0, 001 

4-  0.004 

—  0.002 
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C 

D 

E 

H 

sin. 

COS. 

COS. 

sin. 

sin. 

COS, 

COS. 

sin. 

V  i 
*  * 

/i 

n 

// 

// 

// 

// 

// 

—  I 

7—  2 

— 0. 006 

+0. 030 

+0. 02 

+0.  06 

0.00 

+0.01 

— O.OI 

— 0. 05 

0 

7—  3 

-|-o.  0122 

— 0.0626 

—0. 018 

— 0.041 

+0. 006 

— 0.014 

+0.016 

+0.033 

I 

7—  4 

0.000 

+0.  036 

— 0. 01 

+0.01 

(5roo — 

— |-o.  01 

— 0. 01 

+0.01 

—  I 

7-  3 

—0. 186 

—0. 156 

+0. 23 

—0.  20 

— 0. 03 

— 0. 03 

—0. 18 

+0.16 

7—  4 

+0.  3950 

+0.  2994 

—0. 187 

+0. 165 

+0. 047 

+0. 041 

+0. 130 

— 0.  120 

I 

7-  5 

— 0. 232 

—0.  128 

+0.03 

0.  00 

— 0. 03 

— 0. 03 

—O.OI 

—O.OI 

-I 

7—  4 

+0. 988 

-0.  548 

—0.  70 

— 0. 43 

+0. 08 

—0. 05 

+0.44 

+0.  28 

7-  5 

-1.9558 

+  1.  1676 

+0.  590 

+0.378 

—0. 118 

+0. 076 

351 

—0. 223 

I 

7—  6 

+0.  954 

— 0.  686 

— 0. 08 

— 0. 08 

+0. 08 

— 0. 05 

+0.  02 

+0.03 

— I 

7-  5 

+0.524 

+2.  760 

—0.  25 

+0.71 

+0.03 

+0. 07 

+0.  II 

—0. 27 

7—  6 

—  1. 1840 

—5.4808 

+0. 244 

— 0. 626 

— 0.041 

—0. 104 

—0. 096 

+0. 196 

I 

7—  7 

+0. 700 

+2.  736 

— 0. 03 

+0.  14 

+0. 03 

+0. 07 

— 0. 02 

+0.01 

— I 

7—  6 

—2. 750 

-0. 154 

—0.  56 

+0.  11 

+0.05 

+0.01 

+0. 78 

— 0.  12 

7—  7 

+5-4450 

+0.  II 70 

+0. 508 

—0. 128 

—0.073 

—0.018 

— 0.  722 

+0. 126 

I 

7—  8 

—2. 698 

— 0. 034 

—  0.  12 

+0. 04 

+0.05 

+0. 01 

+0.19 

— O.OI 

7—  7 

— 0. 426 

+0.  272 

+0.  17 

+0.  35 

—O.OI 

+0.03 

— 0.  32 

— 0. 61 

7—  8 

+  1.0430 

—0.  5432 

—0. 147 

-0.  338 

+0.018 

—0. 042 

+0.  277 

+0.587 

7—  9 

—0.552 

+0.  272 

+0.05 

+0. 10 

—O.OI 

+0. 03 

—0.06 

—0. 16 

— I 

7—  8 

— 0. 026 

+0. 050 

+0.  02 

+0. 09 

0.00 

— C.  II 

7—  9 

+0. 0904 

— 0. 1212 

—0. 008 

—0. 068 

+0.001 

— 0. 008 

+0.015 

+0. 119 

7—10 

— 0. 054 

+0. 064 

— 0. 01 

0.00 

—O.OI 

—0.03 

— I 

7—  9 

— 0. 002 

+0. 006 

0.  00 

+0. 01 

0.00 

— O.OI 

7—10 

+0. 0107 

— 0.  0149 

+0. 002 

— 0. 008 

— 0. 003 

+0.014 

7 — II 

— 0. 008 

+0. 008 

0.00 

— O.OI 

—I 
I 

8-  2 
8-  3 
8-  4 

0.000 
— 0.0040 
+0.004 

+0. 002 
— 0. 0082 
+0.  004 

+0.001 
0.00 

— 0. 008 
+0.01 

— I 

8-  3 

— 0. 040 

— 0. 008 

+0. 07 

—0.  02 

—O.OI 

0. 00 

— 0. 06 

+0. 01 

8-  4 

+0. 0810 

+0. 0054 

—0.055 

+0.  012 

+0.014 

+0. 003 

+0. 042 

—0. 01 1 

I 

8-  5 

— 0.044 

+0.  004 

+0.01 

+0.01 

—O.OI 

0.00 

0.00 

0.00 

— I 

8-  4 

+0. 124 

—0.  210 

—0.  13 

—0.  26 

+0.  02 

— 0. 03 

+0. 10 

+0. 18 

8-  5 

—0.  2305 

+0. 4640 

+0. 120 

+0.  211 

—0. 024 

+0. 042 

—0.  084 

—0. 140 

I 

8-  6 

+0. 096 

—0.  242 

—0. 01 

—0.  04 

+0. 02 

— 0. 03 

+0.01 

+0.01 

—I 

8-  5 

+0. 586 

+0.  698 

—0.44 

+0.44 

+0. 04 

+0.04 

+0.  26 

— 0. 27 

8-  6 

—I.  2210 

—  1.3648 

+0. 392 

—0.379 

— 0. 065 

— 0. 063 

— 0.  211 

+0. 217 

I 

8-  7 

+0. 674 

+0.  654 

— 0.09 

+0. 06 

+0. 04 

+0.04 

+0.  02 

— 0. 02 

8-  6 

—1.728 

+0.  728 

+0.38 

+0.  24 

— 0. 03 

+0.  02 

— 0. 07 

—0.08 

8—  7 

+3-  4034 

—  1.5446 

—0.  322 

— 0. 239 

+0. 046 

— 0. 034 

+0.044 

+0. 072 

8—  8 

—  1.682 

+0.  834 

+0. 06 

+0.  08 

— 0. 03 

+0. 02 

0. 00 

+0.  02 

8-  7 

—0.  282 

—  1. 512 

+0.01 

— 0.  09 

0.00 

—0.03 

—0.  01 

—0.59 

8-  8 

+0. 6828 

+  2.9618 

— 0. 017 ' 

+0.  388 

+0. 002 

+0. 049 

—0. 010 

+0. 541 

8-9 

-0.  352 

—1.468 

— O.OI 

— 0. 43 

0. 00 

— 0. 03 

+o.oi 

—0. 13 

8-  8 

—0.  236 

—0.  234 

+0.  22 

—0.04 

— 0. 02 

0.00 

— 0. 41 

+0.09 

8-  9 

+0. 4964 

+0.5744 

—0.  224 

+0.  034 

+0. 025 

+0. 004 

+0. 396 

—0.077 

8—10 

— 0.  250 

— 0.  302 

+0.  08 

+0.  02 

—0. 02 

0.00 

—0.  II 

+0. 04 

8-  9 

— 0. 040 

— 0.010 

+0.02 

+0.01 

— 0. 10 

0.00 

25  AST  15 
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C 

D 

E 

H 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

X 

i'  i 

// 

// 

n 

// 

// 

/• 

0 

8—10 

-(-o.  0992 

+0. 0432 

— 0. 049 

— 0. 008 

+0. 005 

— 0. 001 

+0. 086 

+0. 012 

8— II 

— c.  052 

— 0. 028 

0,00 

— 0.  02 

—I 

8—10 

— 0. 004 

-|-o.  002 

— O.OI 

0. 00 

8-1 1 

-|-o.  0128 

+0. 0022 

— 0. 006 

— 0. 003 

8—12 

— 0. 002 

0. 000 

— 0. 01 

0. 00 

 I 

9-  3 

—0.004 

+0. 002 

9—  4 

-l- 0.0104 

— 0. 0060 

— 0.010 

— 0. 003 

+0. 009 

+0. 002 

1 

9-  5 

— 0. 004 

+0. 002 

+0.01 

0.00 

—I 

9—  4 

+0. 002 

— 0.044 

+0. 01 

— 0. 07 

0.00 

—  0. 01 

0.00 

+0.  06 

9-  5 

-|-o.  0062 

-f  0. 0898 

+0. 001 

+0. 062 

0.000 

+0. 012 

— 0. 002 

— 0. 045 

I 

9-6 

—0.012 

— 0. 048 

0.00 

—O.OI 

0.00 

—0. 01 

—0. 01 

0. 00 

—I 

9-  5 

+0. 208 

-1-0.074 

—0.  24 

+0.  06 

+0.  02 

+0.01 

+0. 17 

— 0. 05 

9-6 

—0. 4274 

1358 

+0.  205 

— c.  065 

-0. 034 

—0. 01 1 

—0. 130 

+0.045 

I 

9-  7 

+0. 230 

+0. 048 

— 0. 05 

+0.01 

+0.  02 

+0.01 

+0.  01 

0.00 

—  I 

9 —  6 

—0.432 

+0. 540 

+0. 24 

+0.38 

— 0,  02 

+0. 03 

—0. 14 

— 0.  22 

9-  7 

+0. 8322 

— I.1II8 

— 0. 211 

336 

+0. 030 

—0. 048 

+0.  1 1 1 

+0. 173 

I 

9—  8 

386 

+0.590 

+0.04 

+0.07 

— 0.  02 

+0.03 

—O.OI 

— 0.  02 

—  I 

9-  7 

— 0. 698 

— 0.  988 

+0.19 

—0.15 

— 0.  02 

— O.OI 

— 0. 01 

0. 00 

9—  8 

+1.4468 

+1.9300 

-—0. 182 

+0. 134 

+0. 023 

+0.017 

+0. 029 

+0. 030 

1 

9—  9 

-0. 756 

^0.946 

+0.03 

— 0.04 

— 0. 02 

—O.OI 

— 0. 01 

-0.03 

 I 

9-  8 

-fo.  768 

356 

+0.  22 

— 0.  06 

— 0.  02 

0.00 

-0.  39 

—0. 08 

9-  9 

—1.4796 

+0.  7750 

273 

-0. 045 

+0. 030 

—0. 005 

+0. 375 

+0. 087 

I 

9 — 10 

+0.  724 

^.392 

+0.13 

+0.14 

— 0.  02 

0.00 

— 0. 11 

—0.05 

-I 

9-  9 

+0.  112 

— 0. 180 

+0.06 

—0, 08 

0. 00 

— 0. 01 

+0.04 

+0. 24 

9—10 

—0. 2776 

+0.3871 

—0.017 

+0. 135 

+0. 002 

+0.014 

+0. 016 

— 0. 244 

9-1 1 

+0. 146 

—0. 196 

— 0. 05 

— 0. 10 

0.00 

— O.OI 

— 0. 04 

+0.  08 

— I 

9—10 

-|-o.  002 

— 0. 030 

+0.03 

— 0.  01 

— 0. 01 

+0.03 

9— II 

^.0134 

+0. 0732 

— 0.014 

+0.031 

+0.001 

+0.003 

+0. 024 

—0. 056 

9 — 12 

-|-o.  008 

^.038 

— O.OI 

—0.  02 

—0.03 

+0,04 

—I 

9-11 

0. 000 

— 0. 002 

9 — 12 

-I-0.00I8 

+0.0075 

— 0.004 

+0.004 

9—13 

0,000 

— 0.004 

 1 

lo—  3 

— 0.002 

+0. 002 

10—  4 

-|-o.  0010 

— 0. 0016 

I 

lo-  5 

0.000 

0. 000 

 I 

lo —  4 

— 0. 006 

— 0. 008 

0.00 

'  +0.01 

10—  5 

+0. 0092 

+0.01 18 

— 0. 006 

+0. 012 

+0.001 

+0. 002 

IQ   5 

—0.006 

— 0. 004 

0.00 

—O.OI 

0.00 

+0.01 

lo-  5 

-fo.044 

— 0. 008 

— 0. 07 

— 0.  02 

+0.01 

0.00 

+0. 06 

+0. 01 

10—  6 

— 0. 0896 

+0.  0212 

+0. 060 

+0.  01 1 

— 0.010 

+0. 002 

— 0.042 

— 0. 007 

10 —  7 

+0. 044 

— 0.016 

— 0. 01 

—O.OI 

+0.01 

0.00 

0. 00 

— O.OI 

10 —  6 

— 0. 030 

+0.  186 

+0.01 

+0.  20 

0.00 

+0. 02 

— 0. 03 

— 0. 14 

10 —  7 

+0. 0456 

—0. 3762 

— 0.017 

—0.177 

+0. 002 

—0,025 

+0.013 

+0. 108 

lo—  8 

— 0. 008 

+0. 196 

0. 00 

+0.04 

0.00 

+0. 02 

+0. 02 

0.00 

10 —  7 

-0. 450 

— 0. 226 

+0. 29 

— 0.  10 

— 0. 02 

— O.OI 

— 0. 02 

+0. 10 

0 

lo—  8 

+0. 91 16 

+0. 4262 

— 0, 261 

+0. 090 

+0.033 

+0. 01 1 

+0.125 

— 0.042 
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C 

D 

E 

H 

Arg= 

siD, 

COS. 

COS. 

BID. 

SID. 

COS. 

COS. 

sin. 

yc    t'  i 

I  10 —  9 

— 0. 476 

— 0.  IQO 

+0. 05 

— 0. 03 

— 0.  02 

— 0. 01 

— 0. 14 

— 0.04 

I    lo—  8 

+0. 510 

—0.568 

— 0.  12 

—0. 18 

0.  00 

— 0. 01 

— 0. 16 

— 0. 03 

D  10 —  9 

— 0. 9846 

-hi.  1566 

+0.  034 

+0. 116 

— 0.004 

+0.013 

+0. 052 

+0. 009 

I  10—10 

+0-  474 

—0.  592 

+0.  07 

+0. 03 

0.00 

—O.OI 

+0.  II 

0. 00 

I  10 —  9 

-|-o.  292 

-fo.3S4 

+0.08 

— 0.  II 

0.00 

— O.OI 

+0. 01 

+0.19 

3  10 — 10 

— 0.6190 

—0. 6598 

— 0.  071 

+0. 176 

+0.007 

+0.018 

+0.114 

— 0. 239 

I    10— II 

+0.310 

+0. 324 

+0.  02 

—0.13 

0.00 

— O.OI 

—0. 18 

+0.13 

— 

[  10—10 

+0. 126 

+0. 042 

— 0.04 

+0. 02 

+0.06 

+0. 07 

3  10—11 

— 0. 2710 

— 0. 1 106 

+0. 074 

+0. 032 

— 0. 007 

+0.003 

— 0. 137 

— 0. 048 

[  10—12 

+0. 138 

+0.058 

— 0.06 

—0.05 

+0.  12 

— 0. 02 

— 

[     10— II 

-(-0. 020 

— 0.004 

0.  00 

0. 00 

+0.01 

+0.03 

3  10—12 

—0. 0488 

+0. 0026 

+0.  018 

+0.014 

— 0. 033 

— 0. 025 

I  10—13 

-f  0. 024 

— 0.002 

— 0.  02 

— 0.  02 

+0.  02 

+0. 01 



I     II—  4 
3    11—  5 

r    II—  6 

0.000 
-}-o.  0020 
— 0.004 

— 0. 002 
+0. 0012 
0.000 



r    u-  s 
3   II—  6 

+0. 006 
— 0. 01 14 

— 0.004 
+0. 0122 

+0.  01 1 

+0.  009 

+0.01 

0.0© 

[    II-  7 

-)-o.  004 

— 0. 008 

— 0.01 

— O.OI 

+0.01 

0.00 



[    II—  6 

-\-o.  014 

+0. 038 

— 0. 03 

—O.OI 

+0. 01 

— 0. 05 

3    II—  7 

— 0. 0346 

— 0. 0772 

+0.  021 

+0. 052 

— 0. 003 

+0. 007 

—0. 014 

+0. 035 

[    II—  8 

+0. 024 

+0. 038 

0.00 

— 0. 05 

+0.01 

'   +0. 01 



[    II-  7 

—0. 154 

+0.006 

+0.16 

+0.01 

— 0.01 

0.00 

— 0. 01 

+0. 02 

3   II-  8 

+0. 3044 

— 0. 0226 

—0.  138 

—0.016 

+0. 017 

— 0. 002 

+0. 081 

+0. 008 

[    II—  9 

—0. 152 

+0. 026 

+0.  02 

+0. 02 

— 0. 01 

0.00 

— 0.09 

— 0.04 

[    II—  8 

+0. 088 

— 0.  342 

— 0.  12 

— 0.  II 

0.00 

— 0.  01 

—0.08 

+0. 07 

>    II—  9 

—0. 16I4 

+0. 6888 

+0.019 

+0. 184 

— 0.002 

+0. 020 

— 0. 005 

— 0. 079 

[    II— 10 

-|-o,  062 

—0, 350 

+0.09 

— 0. 13 

0.00 

— 0. 01 

+0. 08 

+0.03 

— 

[    II—  9 

+0-  414 

+0. 238 

— 0. 01 

— 0. 08 

+0.01 

— O.OI 

3    II— 10 

—0. 8298 

— 0. 4210 

+0. 062 

+0. 009 

— 0.006 

+0.001 

+0. 032 

—0.047 

[    II— II 

+0. 422 

+0.  204 

— 0. 07 

+0.07 

— 0. 05 

+0. 07 

— ] 

[    II — 10 

— 0. 140 

+0.  202 

— 0. 05 

— 0.  02 

+0.08 

+0.  12 

3    II— II 

+0. 2514 

— 0. 4176 

+  0. 104 

+0.  070 

— 0. 009 

+0.006 

—0.139 

— 0.  no 

[  11—12 

— 0. 118 

+0. 208 

—0.09 

— 0.  08 

+0.  10 

+0. 02 

— 0.  OIO 

+0.078 

— 0.04 

+0.03 

0.00 

— 0. 05 

3    II— 12 

-(-0.  0222 

—0.1746 

+0.031 

—0.033 

— 0. 046 

+0. 071 

[  11-13 

— 0.012 

+0. 092 

0.00 

+0.01 

+0.06 

—0.05 

[    12-  5 
3    12—  6 
[    12-  7 

-f-o.  002 
— 0. 0006 
0. 000 

0. 000 
+0. 0026 
— 0. 002 

[    12-  6 
>    12-  7 

-1-0.006 
—0.0132 

+0.006 
— 0.0100 

+0. 01 1 

—0.009 

+0.01 

0.00 

[    12—  8 

+0. 008 

+0.004 

— O.OI 

+0.01 

+0. 01 

0.00 

[    12-  7 

— 0. 032 

+0.018 

+0.05 

+0.  02 

0.00 

— O.OI 

3    12—  8 

-(-0. 0614 

—0. 0424 

—0.043 

— 0.028 

+0.005 

— 0. 004 

+0. 026 

+0.017 

[    12—  9 

— 0. 032 

+0. 026 

+0.  01 

+0. 02 

—0.04 

— O.OI 

[    12-  8 

— 0. 028 

— 0. 114 

— 0. 01 

— 0. 03 

0.00 

—O.OI 

— 0. 03 

+0.07 
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C 

D 

E 

H 

Arg^My+i'g'+ig 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H    i'  i 

// 

// 

// 

// 

// 

// 

// 

// 

O     12 —  9 

+0. 0639 

-j-o.  2280 

— 0. 035 

+0.  no 

+0.004 

+0.012 

+0.019 

-0.05s 

I     12  — 10 

— 0. 042 

— 0.  112 

+0.06 

— 0.  n 

0.00 

— 0. 01 

+0. 01 

+0.01 

12   9 

+0.  240 

+0,012 

— 0.  12 

— 0. 06 

+0. 01 

0. 00 

+0. 01 

— 0.04 

O     12 — lO 

— 0. 4802 

— 0. 0074 

-1-0.  I  "?0 

-|-o.  010 

— 0. 01  s 

+0. 001 

— 0,  04^ 

— 0. 010 

I  12—11 

+0. 240 

— 0,010 

— 0. 08 

+0. 04 

+0.01 

0.00 

+0. 05 

+0. 06 

—  I     12 — 10 

— 0.076 

+0.  272 

+0.04 

+0.03 

+0.05 

+0.05 

O     12— II 

+0. 1388 

—0. 5438 

— 0.  DOS 

— 0. 077 

0. 000 

— 0. 007 

— 0. 034 

—0. 041 

I  12—12 

— 0.062 

+0.  274 

— 0. 03 

+0.07 

— O.OI 

+0. 01 

— I     12— II 

—0. 130 

-0. 034 

0. 00 

0.00 

+0.01 

— 0, 03 

O     12 — 12 

-(-0.  2610 

-|-o.  0470 

+0.  on 

— 0.017 

— 0. 083 

+0. 060 

I  12—13 

—0. 134 

—0.  020 

— 0.  02 

+0. 02 

+0.  II 

— 0. 05 

All  the  factors  belonging  to  Jupiter  having  now  been  given,  the  similar  quanti- 
ties for  Saturn  are  tabulated : 


Arg= 

V 

X' 

B' 

G' 

sin. 

COS. 

sin. 

COS. 

sin. 

COS, 

sin. 

COS. 

K 
0 

i' 

0 

i 
0 

// 

// 

1.2588 

// 

1.2588 

// 

—I 

I 

0 

+867. 04 

+ 

2.74 

+516.84 

+ 

1. 90 

+1383-88 

+ 

4-64 

—350. 09 

-  1.67 

— I 

2 

0 

+  115-60 

—126.41 

+  60.57 

—33-59 

+  176. 17 

—  160. 00 

57.02 

+83. 22 

0 

I 

0 

57. 3392 

+  73-0254 

43-5173 

0.  3053 

100. 8565 

+  72. 7201 

+  19.8580 

—44. 4869 

I 

0 

0 

39-05 

+  29.64 

6-  5936 

+14-9534 

45-64 

+  44.59 

+  30.42 

—24.  29 

—I 

3 

0 

2. 12 

27.17 

+ 

4. 03 

6. 87 

+ 

6.15 

34. 04 

0. 90 

+  18.  78 

0 

2 

0 

0. 1210 

+ 

18.5562 

5. 1065 

+ 

2.8158 

5-2275 

+ 

21.3720 

2. 1289 

— 12. 0027 

I 

0 

3-03 

+ 

5-23 

+ 

0.  10 

+ 

I.  72 

2-93 

+ 

6. 95 

+ 

2.  22 

—  4.49 

—I 

4 

0 

1. 92 

3-  36 

0. 02 

0.  88 

t.94 

4-24 

+ 

I.  70 

+  2.35 

0 

3 

0 

+ 

I-575S 

+ 

2. 4063 

0. 3401 

+ 

0.  5783 

+ 

1-2354 

+ 

2. 9846 

I- 3851 

-  I- 5718 

I 

2 

0 

0. 07 

+ 

0.  74 

+ 

0.  II 

+ 

0. 14 

+ 

0. 04 

+ 

0.  88 

+ 

O.OI 

—  0.64 

—I 

5 

0 

0, 46 

0.  23 

0. 05 

0. 08 

0.51 

0,31 

+ 

0.  38 

+  0.15 

0 

4 

0 

+ 

0. 3615 

+ 

0. 1704 

0. 0007 

+ 

0.  0736 

+ 

0. 3622 

+ 

0.  2440 

0. 2937 

—  0. 0991 

I 

3 

0 

0. 04 

+ 

0.09 

+ 

0. 02 

+ 

O.OI 

+ 

0.06 

+ 

0. 10 

0. 04 

—  0.08 

6 

0 

0.03 

0.00 

0. 03 

0,00 

+ 

0.  02 

0.00 

0 

5 

0 

+ 

0. 0520 

0.0045 

+ 

0. 0048 

+ 

0. 0068 

+ 

0. 0568 

+ 

0. 0023 

0.0416 

+  0.0076 

I 

4 

0 

O.OI 

+ 

0. 02 

O.OI 

+ 

0. 02 

r 

T 

O.OI 

—  0.02 

0 

6 

0 

4- 

0. 0053 

0. 0032 

+ 

0. 0009 

+ 

0. 0005 

+ 

0. 0062 

0. 0027 

0.0042 

+  0.0030 

0- 

-4— 

0.0048 

0.0132 

0. 0024 

0.0019 

0. 0072 

0.0151 

+ 

0. 0038 

+  O.OI  14 

-2 — 

0. 06 

0. 03 

O.OI 

0. 01 

0. 07 

0.04 

+ 

0.  05 

+  0.03 

0- 

-3— 

0. 0732 

0. 0659 

0. 0177 

+ 

0. 0048 

0, 0909 

0. 061 1 

+ 

0. 0598 

f  0.0564 

I- 

-4— 

+ 

0.15 

+ 

0. 10 

+ 

0. 02 

+ 

0. 01 

+ 

0. 17 

+ 

0.  n 

0.  13 

—  0,09  ' 

— I- 

-I— 

0.51 

0.03 

0. 08 

0, 01 

0.59 

0.04 

+ 

o-  43 

+  0.02 

0 — 2— 

0.5963 

0.  1559 

0. 1161 

+ 

0. 1176 

0. 7124 

0. 0383 

+ 

0. 4790 

+  0. 1294 

I- 

-3- 

+ 

1.25 

+ 

0. 18 

+ 

0.  22 

0. 06 

+ 

1.47 

+ 

0. 12 

1.03 

—  0.  16 
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V 

B' 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

H 

i' 

t 

it 

// 

// 

// 

// 

// 

// 

// 

—  I 

0— 

4.  " 

+ 

2.80 

0-  95 

0.  76 

5.06 

+  2.04 

+    3.  ^2 

3-  75 

0— I  — 

2.  7934 

0. 9512 

0. 3836 

+ 

1.4648 

3J770 

-f-  2.4160 

1.1175 

I- 

-2— 

+ 

7.94 

3.48 

+ 

1.38 

1-39 

+ 

9^32 

-  4-87 

—   0. 34 

+ 

3-15 

—  I 

I— 

47. 620 

42. 884 

9. 356 

4-  845 

56. 976 

—  47.729 

-|-  49. 

+ 

93-47 

0 

0 — 

0.0000 

0,0000 

+  25.6875 

+ 

122. 2131 

+ 

25.6875 

+  122. 2I3I 

0,  0000 

0.0000 

I- 

-I — 

+ 

25.87 

60. 65 

+ 

4.62 

17.37 

+ 

30-  49 

—     78. 02 

—  15. 75 

+ 

69. 20 

—  I 

2 — 

+  392.406 

+  1931.364 

+  79- 204 

+  393-671 

+  471.610 

+2325-035 

— 423. 03 

2060. 97 

0 

I  — 

575. 7289 

— 2765. 1410 

+ 

I. 9892 

+ 

1.4766 

573- 7397 

—2763.  6644 

-ry*^/.  5409 

+4344-4247 

I 

0— 

+  368.35 

+  1751.57 

—304. 19 

— 

1450. 95 

+ 

64. 16 

+  300.62 

— y02. 

3729. 47 

—  I 

3- 

+  263.90 

+ 

253. 95 

+  55-69 

+ 

00.  07 

+  319-59 

+  320.62 

— 201 . 00 

226. 40 

0 

2 — 

215.  5265 

260. 4742 

6.  4830 

222. 0095 

—  293.6029 

-J-I77.  9390 

+ 

301.0658 

I 

I— 

+ 

0. 507 

9. 840 

14.  273 

12. 695 

13.766 

—  22.535 

  1  .  29 

12.77 

4— 

58.  23 

+ 

4. 33 

+  12.42 

+ 

4-  56 

+ 

70.  65 

+  8.89 

  43.03 

3.  75 

0 

3- 

48. 3766 

6,  7501 

4. 6698 

5.6234 

53-0464 

—  12.3735 

+ 

9.3200 

2 — 

1-773 

4.  097 

2.193 

0.  148 

3.966 

—     4-  245 

2. 01 

+ 

2,31 

—  I 

5- 

+ 

7.27 

4.  86 

+ 

1.72 

0.  27 

+ 

8. 99 

-  5.13 

—   5-  21 

+ 

3-  96 

0 

4— 

, 

6. 1730 

+ 

4. 01 II 

1.0443 

0.  3889 

7.2173 

+     3. 6222 

-r   4- 33^7 

— 

3-  0443 

I 

3- 

I 

0.  65 

0.  56 

0.  20 

+ 

0. 13 

0.  85 

—  0.43 

+    0. 62 

+ 

0.  35 

—  I 

6— 

I 

+ 

0. 43 

I.  16 

+ 

0.15 

0.15 

+ 

0.58 

—  I-31 

—    0.  2< 

+ 

0. 94 

0 

5- 

I 

0. 3672 

+ 

1.0038 

0. 1449 

+ 

0. 0258 

0.5121 

+     I . 0296 

+     0.  2024 

— 

0.  7907 

I 

4— 

I 

c.  12 

0.03 

0. 02 

+ 

0. 03 

0. 14 

0.00 

+     0.  II 

+ 

0. 01 

—  I 

7— 

I 

0. 02 

0. 17 

0.00 

— 

0.  02 

0. 02 

—     0.  19 

+  0.03 

+ 

0. 14 

0 

6— 

I 

+ 

0.0358 

+ 

0. 1420 

0. 0134 

+ 

0.  0130 

+ 

0. 0224 

+  0.1550 

—  0.0413 

— 

0. 1107 

I 

5- 

I 

0.04 

+ 

0. 02 

0.  00 

0.  01 

0.04 

+     0. 01 

+  0.04 

— 

0. 02 

0 

7- 

I 

+ 

0.0132 

+ 

0.0136 

0.0006 

+ 

0.0022 

+ 

0. 0126 

+  0.0158 

—    0.  0120 

— 

0. 0102 

-I — 

2 

+ 

0. 01 

— 

0.03 

+ 

0. 01 

—  0.03 

—    0. 01 

+ 

0. 02 

0 — 2— 

2 

+ 

0.0061 

0, 0256 

0.0042 

— 

0.0041 

+ 

0.0019 

—     0. 0297 

—    0.  006 1 

+ 

0. 0205 

-3— 

2 

O.OI 

+ 

0, 07 

0. 01 

+  0.07 

+    0. 01 

0, 06 

2 

0,  02 

0.  21 

0, 02 

0. 10 

0.04 

—  0.31 

—    0. 02 

+ 

0. 07 

0- 

-I — 

2 

0, 0272 

0, 0724 

0.  0512 

0. 0074 

0. 0784 

—     0. 0798 

+  0.0153 

+ 

0. 0065 

I- 

-2— 

+ 

0.  II 

+ 

0.43 

+ 

0.  06 

+ 

0.  03 

+ 

0. 17 

+  0.46 

  0.  00 

0.33 

—  I 

I — 

2.97 

7.89 

0.31 

0.48 

3.28 

-  8.37 

+  3-70 

+ 

12.62 

0 

0— 

0.0000 

0.0000 

+ 

1-7529 

+ 

10.  7271 

+ 

I.  7529 

+  10.7271 

0.  0000 

0.0000 

I- 

-I — 

2 

+ 

1.69 

+ 

0-53 

+ 

0.61 

+ 

0.09 

+ 

2.30 

+     0. 62 

—  0.99 

+ 

1.50 

2 — 

+ 

40.  556 

+ 

46. 705 

+ 

II.  04 

0.  28 

+ 

51.60 

+  46.42 

—   40.  390 

107. 716 

0 

45.2569 

191. 3331 

5- 2535 

+ 

2.3768 

50.5104 

—  188.9563 

-f-    80.  6048 

+ 

373- 2938 

I 

0— 

2 

+ 

54.46 

+ 

193-37 

20, 80 

127.32 

+ 

33-  66 

+  66.05 

—  91,41 

379-  50 

3- 

2 

—1173.40 

+ 

502.97 

—244-  49 

+ 

104. 88 

—1417.89 

+  607.85 

+  835.77 

363-  37 

0 

2 — 

2 

+  923-4211 

410. 3923 

1-5913 

+ 

1.0079 

+  921.8298 

—  409.  3844 

 045-  2O0O 

+ 

300.  2177 

I 

I — 

2 

54.88 

+ 

26.  72 

+  62.  70 

27.74 

+ 

7.  82 

—     1. 02 

+  24-49 

15.18 

—  I 

4— 

2 

206, 893 

+ 

353-  200 

50.  245 

+ 

62. 573 

257- 138 

+  415-773 

+  141-37 

267. 87 

0 

3— 

2 

+ 

176.  6016 

299.  2082 

+  20.5852 

8.  6506 

+  197. 1868 

-  307.  8588 

—  118.  0527 

+ 

224. 6945 

I 

2 — 

2 

+ 

5.389 

+ 

28. 123 

+ 

7.86 

11.68 

+ 

13.25 

+  16.44 

-  7.524 

18.749 

—  I 

5— 

2 

+ 

.  8.777 

+ 

85.869 

2.580 

+ 

15.294 

+ 

6.197 

+  loi.  163 

  II.  29 

65-49 

0 

4— 

2 

7. 2696 

75. 7210 

+ 

4. 2442 

5.2484 

3.0254 

—    80. 9694 

+  9-^493 

+ 

57. 1032 

I 

3— 

2 

+ 

6.31 

+ 

4. 03 

0.04 

2. 12 

+ 

6.  27 

+     I- 91 

—  5-35 

2. 33 

—  I 

6— 

2 

+ 

9. 93 

+ 

II. 31 

+ 

0. 84 

+ 

2.  29 

+ 

10.77 

+  13-60 

—  8.62 

8.37 
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A? 

X' 

B' 

G' 

ArK= 

sin. 

Bin. 

sin. 

COS. 

COS. 

COB. 

COS. 

X 

i' 

i 

n 

// 

It 

// 

// 

// 

// 

// 

0 

5— 

2 

10.  2<0IO 

+  0.  2205 

— 

I , 2863 

0. oouo 

— 

II.  <.±^A 

4. 

7*  73w3 

+ 

7.  d.8001 

I 

4— 

2 

+ 

1.445 

0.  202 

—  0. 171 

— 

0  271 

1.274 

— 

I-  ^5 

+ 

—I 

7~ 

2 

2.  28 

0.  58 

+  0.28 

+ 

0.  22 

+ 

2.56 

+ 

0.  80 



1. 91 

— 

0.  32 

6— 

2 

2.  08643 

0.  t:^204 

—  0.0715 

0.  10 '?2 

2. 1579 

0.  7261 

I.  73800 

+ 

0.  28121 

I 

5- 

2 

+ 

0.  166 

0. 177 

—  0.035 

0.013 

0.  131 

0.  190 

0. 13 

I 

T 

0.  17 

—I 

8- 

2 

+ 

0.  30 

— 

0. 13 

-f-  u.  04 

0.  01 

+ 

0. 34 

0.  14 

_ 

0. 24 

_L 

0.  13 

7— 

2 

0.  2969 

+ 

0. 1057 

0.0183 

0.  3196 

.1 . 
-r 

0.  0874 

0.  2404 

0.  IIOI 

I 

6— 

2 

0.00 

— 

0.04 

0.  00 

0.00 

0. 00 

0.  04 

0. 00 

_J_ 
T 

0.04 

-I 

9— 

2 

+ 

0,  02 

— 

0.  02 

+ 

0. 02 

0.  02 

0. 02 

.1 

0.  02 

8- 

2 

0.  0260 

+ 

0. 0340 

—  0.  0038 

0.0004 

0. 0298 

0.  0336 

+ 

0. 019S 

0.0307 

I 

7— 

2 

+ 

0.  01 

— 

0.  02 

+ 

0.  OI 

0.  02 

O.OI 

_|_ 

0.  02 

0— 

3 

+ 

0.03 

4- 

0.  02 

+ 

0.03 

+ 

0.  02 

0.03 

0.  04. 

I — 

3 

+ 

0.0054 

0.  0213 

4-  0.0007 

— 

0.  0014 

+ 

0.  oo6i 

0,  0227 

0. 0050 

+ 

0. 0163 

-2— 

3 

0.03 

+ 

0.  01 

0. 03 

+ 

0. 01 

+ 

0. 03 

0. 00 

 1  _ 

—I — 

3 

+ 

0.04 

0.52 

0.00 

— 

0.  02 

+ 

0.04 

0. 54 

+ 

0. 06 

+ 

0. 93 

0 — 

3 

0.0000 

0.0000 

+  0. 1737 

+ 

0.  %AAQ 

+ 

0. 1737 

+ 

0. 8449 

0. 0000 

0. 0000 

-I— 

3 

0.  18 

0.  06 

0.00 

+ 

0.  02 

0. 18 

0. 04 

+ 

0.  20 

+ 

0.  22 

—  I 

2— 

3 

+ 

3.55 

+ 

2.68 

+  0.57 

0.  32 

+ 

4. 12 

+ 

2.  36 

3-91 

8. 06 

I  — 

3 

3.99M 

14. 9472 

—  0. 2141 

0.  0749 

4. 2052 

15. 0221 

+ 

6. 9364 

+  31.0546 

0— 

3 

+ 

2.58 

+  16.28 

—  2.06 

10.  02 

+ 

0. 52 

+ 

6.  26 

5.83 

31.36 

3— 

3 

+ 

1.51 

+  61.14 

—  1.92 

13-38 

0.41 

+  74.52 

5.36 

44.01 

2 — 

3 

+  16.7787 

33-3477 

—  1. 6199 

2.  1267 

+  15- 1588 

35-4744 

9. 2355 

+  24.2283 

I  — 

3 

4.69 

-j-  10.04 

+  2.53 

+ 

0.  91 

2. 16 

+  10.95 

+ 

3.06 

8. 23 

—I 

4— 

3 

—594. 32 

-852.  79 

-95.33 

—134-  35 

—689.  65 

-987. 14 

+459-  59 

+663.  23 

3— 

3 

+515.7983 

+725. 8970 

-  0.5513 

1.4375 

+S15-2470 

+724.4595 

—396. 3397 

—560.5710 

2 — 

3 

80.  76 

—112. 87 

+  18. 66 

+  25.56 

62. 10 

87.31 

+  58.97 

+  82.  65 

5— 

3 

—392. 325 

— 

[48. 624 

-57-12 

29.  23 

—449. 44 

— 

[77.85 

+312. 688 

+  109.596 

4— 

3 

+349.  5288 

+  133. 6786 

+  7.8778 

+357.4066 

+  145.0119 

—276. 9491 

97.6308 

3— 

3 

51-65 

3-50 

+  8.46 

+ 

3-  69 

43-19 

+ 

0.  19 

+  39-56 

+ 

0.56 

6— 

3 

-101.33 

+ 

25.03 

-15.09 

+ 

0.44 

— 

[16. 42 

+ 

25.47 

+  80.  77 

23-79 

5— 

3 

+  92.8999 

22. 1306 

+  4-  7914 

+ 

2.4759 

+  97.6913 

19. 6547 

73. 6099 

+ 

21.  2037 

4 — 

3 

9.  60 

+ 

8.37 

+  1.74 

0.  28 

7.86 

+ 

8.09 

+ 

7.13 

7.23 

7— 

3 

13.75 

+ 

15.44 

—  2.39 

+ 

1.45 

16. 14 

+ 

16. 89 

+ 

10.  60 

13-34 

6— 

3 

+  12.9321 

14. 2449 

+  1.2702 

0. 0320 

+ 

14.  2023 

14. 2769 

9. 8987 

+ 

12, 2941 

5— 

3 

0.328 

+ 

2.509 

+  0.  21 

0.  20 

0. 12 

+ 

2.31 

+ 

0. 097 

2.084 

—I 

8— 

3 

0.  47 

+ 

3-52 

—  0.22 

+ 

0. 38 

0. 69 

+ 

3-  90 

+ 

0.  21 

2.  98 

7— 

3 

0.4738 

3- 3320 

-f  0.2019 

0. 1210 

+ 

0. 6757 

3.4530 

0. 2118 

+ 

2.  8115 

6- 

3 

+ 

0.  24 

+ 

0.  29 

+  O.OI 

0. 04 

+ 

0.  25 

+ 

0.  25 

0. 23 

0.  21 

9— 

3 

+ 

0.  23 

+ 

0.51 

+  O.OI 

+ 

0.06 

+ 

0.  24 

+ 

0.57 

0.  22 

0.  42 

8— 

3 

0. 2313 

0. 4824 

-f-  0.0184 

0.0331 

0. 2129 

0.5155 

+ 

0.  2251 

+ 

0.397" 

7- 

3 

+ 

0.09 

+ 

O.OI 

0.00 

0. 00 

+ 

0,09 

+ 

O.OI 

0.08 

0.00 

10— 

3 

+ 

0.  05 

+ 

0.03 

+ 

0. 05 

+ 

0. 03 

0. 05 

0. 03 

0 

9— 

3 

0.  0680 

0. 0404 

—  0.0003 

0. 0055 

0. 0683 

0.0459 

+ 

0. 061 1 

+ 

0. 0308 

I 

8— 

3 

+ 

0.  04 

+ 

O.OI 

+ 

0. 04 

+ 

O.OI 

0.04 

0. 01 

0 

10 — 

3 

O.OIIO 

0.0000 

—  0.0004 

0.0006 

O.OI  14 

0. 0006 

+ 

0.0124 

0, 0007 
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V 

X' 

B 

/ 

ATg= 

ain. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

H 

// 

// 

// 

tt 

// 

// 

// 

// 

—I 

I—  4 

0. 00 

0.  02 

0.00 

0.00 

0.00 

0.  02 

+ 

0. 01 

+ 

0.  05 

0 

0 —  4 

0. 0000 

0. 0000 

+  O.OI43 

+  0.0656 

0.0143 

1 

0.  0656 

0.0000 

o.  0000 

I  — 

-I—  4 

0. 01 

0.  02 
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+  22.40 

—  0.  39 

+1,69 

1. 81 

+ 

24. 09 

+ 

0. 91 

19. 99 

0 

10 — 

+ 

1-5933 

21.8425 

+  0.3222 

— 0. 3622 

+ 

1. 9155 

zz,  <^U47 

1. 0710 

1 

-r 

19. 4824 

9— 

+ 

0. 62 

+ 

4. 46 

+  0.03 

— 0. 12 

+ 

0. 65 

1 

+ 

4*34 

0. 63 

3-  96 

—  I 

12 — 

+ 

2.60 

+ 

4. 96 

+  0.13 

+0.41 

+ 

2.73 

1 

+ 

5.37 

2.43 

4.  39 

0 

II — 

2.  5381 

4.  9204 

+  0.0339 

—0. 141 9 

2.5042 

5. 0623 

+ 

2.3719 

+ 

4.^3525 

10 — 

+ 

0.  76 

+ 

0.80 

—  O.OI 

— 0. 03 

+ 

0. 75 

+ 

0.  77 

0. 70 

0.  70 

—  I 

13— 

+ 

I.  II 

+ 

0.  66 

+  0.06 

+0.06 

+ 

1,17 

+ 

0.  72 

1,02 

0.  57 

0 

12 — 

1.0693 

o- 6373 

—  0.0094 

— 0. 0344 

1.0787 

0. 6717 

+ 

0.  9802 

1 

+ 

0.  5503 

I 

II  — 

+ 

0. 21 

+ 

0.04 

0.00 

— 0. 01 

+ 

0. 21 

+ 

0. 03 

0. 19 

0. 03 

0 

4— 

0 
0 

+ 

0. 0258 

+ 

0.  0105 

+ 

0. 0258 

+ 

0. 0105 

0. 0234 

0. 0081 

—  I 

6- 

Q 

0,02 

0.  54 

0.00 

—0.04 

0. 02 

0.58 

+ 

0.04 

+ 

0. 47 

0 

5- 

Q 
0 

0. 1711 

+ 

0.  3098 

+  0.0012 

+0. 0028 

0. 1699 

+ 

0.3126 

+ 

0. 1348 

0. 2681 

I 

4— 

Q 

+ 

0. 05 

0. 02 

0.  00 

0. 00 

+ 

0. 05 

0.  02 

0.04 

+ 

0. 01 

—  I 

7- 

8 

+ 

5-36 

+ 

2.  33 

+  0. 45  ' 

+0.  26 

+ 

5.81 

+ 

2.59 

4.  73 

1-93 

0 

6— 

8 

3.  6846 

3. 0367 

—  0. 0223 

+0. 0083 

3.  7069 

3.  0284 

+ 

3. 2523 

+ 

2.  5747 

I 

5— 

8 

+ 

0.75 

+ 

1. 02 

0.00 

—0.04 

+ 

0. 75 

+ 

0.  98 

0. 66 

0. 88 

8— 

8 

33-15 

+  26.99 

—  2.74 

+2.09 

35.89 

+ 

29.  08 

+  29.  14 

24. 07 

0 

7- 

8 

+  32- 1359 

20. 0470 

—  0. 0544 

— 0. 0945 

+  32.0815 

20. 141 5 

28. 2365 

+ 

17.8507 

6— 

8 

9,00 

+ 

4.53 

+  0.26 

— 0. 05 

8.74 

+ 

4. 48 

+ 

7.90 

4. 02 

— I 

9— 

8 

21.89 

134. 67 

—  1.92 

-9. 65 

23.81 

— 

144. 32 

+ 

19. 07 

+120. 47 
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Arg= 

V 

sin. 

COS. 

sin. 

COS. 

sin. 

COB. 

sin. 

COS. 

H 

Q 

i'  % 

g   g 

/y 

-1-27  8COil 

// 

+129. 9802 

// 

+0. 1968 

// 

—0.  2210 

// 

+  129.  7592 

// 

^rs  fiffif 
 20.  0505 

It 

—116. 1964 

  6. 11 

30,  uy 

+0. 18 

4-0  87 

J.  93 

35.22 

4-  5.34 

t 

+ 

32. 19 

lo—  8 

98.  88 

 7  28 

77.  97 

—  106.  16 

+  65.  72 

+ 

88.  37 

0 

9-  8 

J_7I  2io*7 

+ 

95. 2406 

j_o  i4o8 

+0.  8024 

06.  04  "JO 

^A  ^fi^'^ 

— 04.  "***-'3 

8«;.  o^ii 

I 

8—  8 

22.  60 

4-0  CA 

 ig^  g^ 

22,06 

+  17.  25 

-1- 

20.  12 

—I 

M-  8 

—52. 45 

23. 01 

—3.5s 

—1.99 

—56.  00 

21;.  00 

-I-47.  '?2 

4- 

r 

20.  24 

o 

lo—  8 

+51.0787 

+ 

22. 4700 

+0.4II3 

+0.6128 

+51.4900 

+ 

23.  0828 

 46.  0609 

19.  7496 

I 

9-  8 

—  12.  40 

3.59 

+0.  24 

+0.13 

— 12.  16 

V  46 

+  11.  16 

3.  10 

—  I 

12—  8 

—19.05 

+ 

2.  38 

-1.35 

—0.03 

—20.  40 

+ 

2. 

+  17.  14 

2. 39 

0 

II-  8 

+  18.  7200 

2. 2004 

+0.  2967 

+0.  1672 

+  19.0167 

2.  0'?'?2 

—  16.  8393 

2. 2242 

I 

lo—  8 

—  3.94 

+ 

1. 27 

+0.09 

0.00 

-3.85 

+ 

1.  27 

+  3.53 

I.  20 

 I 

13-  8 

—  4.  22 

+ 

3.44 

— 0. 32 

+0.17 

—  4.54 

+ 

3.61 

+  3.77 

3.  19 

o 

12—  8 

+  4.  1429 

3. 2712 

+0.  1 1 14 

+0. 0031 

+  4-  2543 

3. 2681 

-    3. 6995 

+ 
1 

3.  0360 

I 

11-  8 

—  0.  65 

+ 

0.  82 

+0.  02 

— 0.  01 

—  0.63 

+ 

0.  81 

+  0.57 

0.  76 

Q 

C— .  Q 

5 —  9 

  0.  0030 

0. 0207 

  0. 0030 

+ 

0. 0207 

0. 0015 

— 

0.  0177 

—  I 

7 —  9 

-J-  V.  4y 

0. 06 

+0. 01 

33 

— 

0.  05 

—  0.43 

-f- 

0. 07 

0 

6—  9 

0. 1059 

— 0.  0018 

+0.  0014 

—  0.  3771 

0.  1045 

1      n  '?'?ft'? 
■f-    0.  3303 

+ 

0. 0840 

1 

r   n 

5 —  9 

_|_  0.  08 

0.06 

0.  00 

 0. 01 

+  0.  08 

+ 

0.  05 

  0.  07 

0. 05 

a —  9 

  lg 

+ 

4.90 

 J  2 

-t-o  78 
-j-o.  30 

—  I.  30 

+ 

5.  28 

1       0  ftfi 

+  0. 9» 

— 

4.37 

7 —  9 

-1-  I  oiro 
-\-  i.yiuu 

3.  7525 

 0095 

 QI  IQ 

1.9005 

3. 7625 

 I.  0457 

+ 

3- 3427 

O —  9 

  57 

+ 

0. 86 

,  j  .Q^  Q2 

— 0.  01 

+ 

0.  85 

1     0  en 

-r  0.  59 

0.  76 

9  9 

19. 56 

 5g 

— I  -  45 

— 25.  55 

21 . 01 

+21.  50 

+ 

17.41 

Q 

8—  9 

-(-ly.  5yoi 

+ 

19.  8982 

0309 

+ 

IQ.  84Q8 

— 1 7  •  604 1 

17-7133 

7 —  9 

—  4.  yu 

c  SS 
J.  00 

07 

J-D    J  A 

-(-u.  14 

  A  5ft 

—  4.  ''9 

74 

-V  4.  45 

t 

+ 

5-  23 

1 

IP  g 

32.  42 

T^4' 79 

 0  -JO 

+80. 04 

34.  74 

 5g^  1^ 

+ 
1 

2Q.  01 

o 

 73.  0070 

+ 

33.4570 

-|-0. 1624 

"^u.  i,*y  /  0 

— /  ^.  044^ 

-|-oo.  0039 

29. 95  iS 

8-9 

_|_21 .  01 

9.  20 

U.  JO 

+0.  20 

-j-zo.  03 

9.  00 

 |g_  pg 

+ 

8.  23 

 I 

11-  9 

+55. 16 

6^.  10 

+3.69 

—3.  96 

+58.  85 

67.06 

— 49.  82 

J- 
— 

^7.  27 

0 

10—  9 

—53-  3262 

6 1 , 8900 

— 0. 4010 

+0. 1807 

—53.  7272 

4- 

I 

62.  0707 

+47.  1332 

';6.  i^io 

I 

9—  9 

+12.97 

16. 74 

— 0.  24 

+0.  28 

+  12.73 

16.  46 

—  11.68 

1 

11. 17 

.  1 

12—  9 

+  8.98 

42.  OQ 

+0,  80 

—2.  64 

+  9-78 

44.  7"? 

-  7.87 

+ 

•?8.  26 

o 

II—  9 

—  8. 7822 

41.  2860 

—0.3123 

+0. 3297 

—  9. 0945 

+ 

41.6157 

+  7.6905 

'?7.  «;i8q 

I 

lo—  9 

+  0,98 

10.  17 

— 0. 05 

+0.16 

+  0.93 

10.01 

—  0.81 

+ 

Q.  2"? 

—  I 

13—  9 

—  5-49 

— 

15.5s 

—0.  20 

—  I. 00 

—  5.69 

16.55 

+  5-19 

+ 

14.13 

o 

12—  9 

+  5.0559 

+ 

15.0834 

— 0.  0679 

+0.2194 

+  4.  9880 

+ 

15.3028 

—  4.  7796 

13. 6980 

I 

II-  9 

—  1.57 

3.10 

+0. 02 

+0. 07 

—  1.55 

3.03 

+  1.47 

+ 

2.81 

0 

6—10 

—  0,  035'' 

+ 

0,  0053 

  0.  0355 

+ 

0. 0053 

-f  0.0331 

0. 0059 

8—10 

+  0.13 

+ 

0. 34 

0.  00 

+0.03 

+  o-  13 

+ 

0.37 

—  0. 14 

0.  29 

0 

7—10 

+  0.0140 

0.3907 

—0.  0015 

— 0.  0007 

+  0.0125 

0. 3914 

+  0. 017S 

+ 

0. 3466 

I 

6— lo 

—  0.02 

+ 

0.  22 

0.00 

— 0.  01 

—  0.02 

+ 

0.  21 

0.00 

0.  21 

— I 

9—10 

—  4.03 

0. 14 

— 0.  28 

— 0. 04 

-  4.31 

0.  18 

+  3.62 

+ 

0.  08 

0 

8— lo 

+  3.3860 

+ 

0. 8470 

+0. 0056 

— 0. 0081 

+  3-3916 

+ 

0. 8389 

—  3. 0446 

0.  7237 

7 — lo 

—  0.89 

0. 42 

+0. 02 

+0. 02 

—  0.  87 

0.  40 

+  0. 80 

+ 

0.37 

10 — 10 

+  9.90 

19. 10 

+0.65 

—1.23 

+10.55 

20.  33 

—  8.91 

+ 

17.33 

o 

9 — lo 

—10. 6321 

+ 

16. 6454 

+0. 0361 

+0. 0164 

— 10. 5960 

+ 

16.  6618 

+  9.5680 

15.0857 

8— lo 

+  3.28 

4. 49 

— 0. 07 

+0.06 

+  3-21 

4.  43 

—  2.95 

+ 

4. 07 
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B' 

G' 

Arg= 

sin. 

COS. 

ein. 

008. 

sin. 

COS. 

ein. 

COS. 

X  i 

// 

// 

// 

// 

// 

// 

n 

// 

— I  II — 10 

+29-  57 

+37-  85 

+1.86 

+2.17 

+31-43 

+40.  02 

—26.81 

-34. 65 

0  10 — 10 

— 30.  2760 

 36.  032*0 

— 0. 0397 

+0.  1 1 17 

—30-3157 

—36.  7263 

+27-4554 

+33-  7060 

I     g  lo 

I,  01 

—0. 14 

—0.  17 

+  8-  50^  ~ 

+  10.84 

—  7.83 

— 10. 06 

— I   12 — 10 

+48.  89 

+  26.58 

+2.86 

+  1.66 

+51-75 

+28.  24 

—44-  71 

-24. 22 

0  II — 10 

— 48.  2060 

—25.  6390 

—0. 1465 

— 0. 1824 

-48.  3525 

—25.8214 

+44-  0714 

+23.  3455 

I  10 — 10 

+  13.  14 

+  6.29 

— 0. 19 

— 0.  II 

+  12.95 

+  6. 18 

— 12.  00 

—  5.72 

—I  13—10 

+33-  25 

—  0.  89 

+  1.87 

+0.11 

+35- 12 

—  0.78 

—30-  53 

+  I- 04 

0  12—10 

—31.8490 

+  0.4249 

—0.  2339 

-0.  1371 

—32. 0829 

+  0.2878 

+29. 2282 

—  0. 5947 

I   II — 10 

+  7- SO 

—  0. 62 

—0.13 

+0.  01 

+  7-37 

—  0.  61 

—  6.  87 

+  0.  62 

 •  I         0  I  I 

+  0.03 

+  0,  02 

+  0.03 

+  0.02 

—  0.03 

—  0.02 

0   7 — 1 1 

—  0. 01 1 2 

—  0. 0310 

—  0.0112 

—  0.0310 

+  0.0133 

-f-  0.0268 

—I    9— II 

"  0. 37 

+  0.  2 1 

— 0.  02 

+0. 01 

—  0.39 

+  0.  22 

+  0.33 

—  0.  20 

0     0  1  I 

+  0-3436 

- —  0.  0760 

+0.0003 

— 0.001 1 

+  0. 3439 

—  0.0771 

—  0.3082 

+  0.0733 

I      7— II 

—  0. 10 

—  0.03 

0.00 

+0.  01 

—  0. 10 

—  0.02 

+  0.09 

+  0.03 

— I  10 — II 

—  0.49 

—  3.00 

+0.01 

—0.  20 

—  0.48 

—  3.26 

+  0.47 

+  2-77 

0  9—1 1 

—  0.0759 

+  2.7440 

40,0057 

+0.  OOI2 

—  0.0702 

+  2- 7452 

+  0.0471 

—  2.4869 

I    8 — 1 1 

4-  0. 14 

—  0.77 

0.00 

0.00 

+  0. 14 

—  0.77 

—  0. 12 

+  0.70 

— I  II — II 

+14. 01 

+  3-73 

+0. 82 

+0-  23 

+  14-83 

+  3-96 

—12.81 

—  3-37 

0  10 — 1 1 

— 12. 7^40 

—  4. 5200 

— 0.0032 

+0. 0246 

—12. 7172 

—  4.  49S4 

+  11. 6130 

+  4. 0997 

I    0 — 1 1 

4-  <;7 
i  00/ 

•A-  I.  I"? 

— 0.  03 

— 0.  02 

+  3-54 

+  r-51 

—  3.26 

—  1.39 

—I  12— II 

—16.52 

+22.  II 

— 0.  83 

+  1.26 

-17. 35 

+23-  37 

+  15.  28 

— 20.  23 

0  II — II 

+15-9920 

— 22.  7300 

— 0. 0716 

— 0. 0068 

+  15.9204 

—22.  7768 

—16.  7842 

+20.  8142 

I  10 — II 

—  4.98 

+  6.69 

+0.  08 

— 0. 09 

—  4. 90 

+  6.60 

+  4.60 

—  6. 13 

—I  13— II 

—  9.05 

+38-  23 

—0-55 

+  1-97 

—  9.  60 

+40.  20 

+  8.27 

-35-37 

0  12—11 

+  8.9080 

—36.  0750 

+0.  0682 

—0. 0999 

+  8.9762 

—36.1749 

—  8. 1424 

+33- 3516 

I  II— II 

—  2. 24 

+  9.08 

+0.  02 

— 0. 14 

—  2.  22 

+  8.94 

+  2.05 

-  8.37 

0     JS — 12 

-|-  0. 0236 

—  0. 015 1 

+  0.0236 

—  0.015 1 

—  0.0209 

+  0.0127 

— I  10 — 12 

—  0. 24 

—  0.  27 

0.00 

—0. 02 

—  0.24 

—  0. 29 

+  0.22 

+  0.24 

0    9 — ^2 

-|-  0. 1 2 16 

+  0.  2719 

+0.  oooS 

— 0. 0002 

+  0. 1224 

+  0.2717 

—  0.  1135 

—  0.  2470 

I     JS — 12 

0. 00 

—  0.  07 

0.  00 

0.00 

0.00 

—  0.07 

0.00 

+  0.06 

—  I   II  — 12 

■ —  0.  Jso 

+0. 13 

— 0.04 

+  2.27 

—  0.90 

-  1-95 

+  0.81 

0  1(^—12 

—  2. 0240 

+  0.3954 

0. 0000 

-|_o.  0036 

  2 . 0240 

I  9—12 

+  0.62 

+  0.02 

— O.OI 

0. 00 

+  0.61 

+  0.02 

—  0.57 

—  0.02 

—  I   12 — 12 

—  0.30 

+  9-3° 

— 0. 03 

+0. 50 

—  0.  33 

+  9-80 

+  0.  26 

—  8.56 

0  II  — 12 

+  0.9865 

—  8.  7420 

—0.0173 

+0. 0020 

+  0.9692 

—  8.7400 

—  0.9001 

+  8.0373 

I  10 — 12 

—  0.47 

+  2.56 

+0.  02 

— 0.02 

—  0.45 

+  2.54 

+  0.43 

—  2.35 

—  I  13—12 

-18.36 

—  4-  69 

— 0.  87 

—0. 18 

—19.  23 

—  4-87 

+  17.08 

+  4-41 

0  12—12 

-f-17.  0600 

+  4-3260 

— 0.0012 

—0. 0432 

+  17. 0588 

+  4.2828 

—15.8618 

—  4.0710 

I    II  — 12 

-  4.38 

—  1.42 

+0.  07 

+0. 02 

—  4.31 

—  1.40 

+  3-96 

+  1-33 
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Next  in  order  follows  the  expression  for  T': 


Arg=:iy4-i5f 

T' 

T' 

sin. 

COS. 

siu. 

COS. 

i' 

i 

// 

i'  i 

tt 

// 

o 

o 

0. 1478 

8—  5 

— 0.  2QK'i 

-1-  0.  7?02 

I 

0 

+ 

1.9899 

+ 

9- 5637 

9-  5 

-j-o.  0321 

+  0. 1493 

2 

o 

+ 

0, 8926 

+ 

0. 9746 

10 —  5 

-f  0.0194 

+  0.0174 

3 

0 

+ 

0. 1482 

+ 

0. 0426 

II —  5 

+0.0041 

+  O.OOOI 

4 

o 

+ 

0.0172 

0.0044 

+0. 1482 

-1-  0. 2746 

4-  6 

+ 

0.  0058 

0.0188 

5-  6 

— 3. I481 

4-  0.  ±6^1 

—I  

+ 

0. 0502 

+ 

0. 1843 

6—  6 

4-4. 2774 

r  f  "f  i'T 

— 14. 1586 

0— 

II.  6426 

55.5290 

7-  6 

— 2,  Ol'lK 

—  8.  d.Qd.2 

I — 

+110.6520 

+527. 2337 

8—  6 

— 2.  0513 

—  2.0^00 

2 — 

I 

13.  3822 

4- 

y.  04^9 

9-  6 

— 0.  7069 

—  0.  1547 

3— 

I 

2.  4227 

+ 

1.6236 

10—  6 

— 0.  1 42 1 

+  0.0534 

4— 

I 

0. 1852 

+ 

0. 3373 

II—  6 

—0.0163 

+  0.  0230 

5- 

I 

+ 

0. 0022 

+ 

0. 0458 

5—  7 

4-  0. 1760 

— 0. 2103 

I 

2 

+ 

0. 0161 

+ 

0. 0358 

6—  7 

—0.  7856 

—  2.  1 29 1 

o— 

2 

1.037s 

5.  2269 

7—  7 

+8.  383 

+  0.  <io 

I— 

2 

+ 

10.  9496 

+ 

61.  1107 

8—  7 

4-t;.  26«; 

—  2. 

2 — 

2 

+  92.6790 

— 

38. 1746 

9-  7 

-fi.  224 

—  1. 821 

3- 

2 

+ 10.0689 

— 

20. 8725 

10—  7 

-|-o,  0162 

—  0.  6II2 

4— 

2 

0.  9708 

— 

3.  807s 

II—  7 

— 0. 0703 

—  0.  iiiso 

5— 

2 

0. 4612 

0. 3546 

12—  7 

— 0. 0193 

  0.0139 

6— 

2 

0. 0792 

u. 

—0. 1 83 1 

7— 

2 

0. 0084 

u.  0057 

0 —  is 

—  0.  I-l^Q 

7—  « 

—  0.  821 

0 — 

3 

0,  0909 

0.  4232 

is —  is 

+0.  829 

+  4.607 

I — 

3 

+ 

0.  9394 

+ 

6. 0984 

9-  8 

+2.  258 

+  2.977 

2— 

3 

+ 

1.8926 

4.  0378 

10—  8 

H-i.  500 

+  0.  602 

3— 

3 

+  39-3716 

+ 

55.  5085 

II—  8 

+0.  474 

—  0.  082 

4 — 

3 

+ 

20.  3422 

+ 

6. 7285 

12—  8 

-j-o.  096 

—  0. 072 

s— 

3 

+ 

4. 1889 

I. 3921 

+0. 073 

—  0.  148 

6— 

3 

+ 

0. 4345 

0. 6126 

7—  9 

7- 

3 

0.0004 

0.  1 146 

0 —  9 

+0.  706 

+  0.  724 

8- 

3 

0. 0096 

0.0133 

Q —  Q 

—2. 328 

+  1.046 

9- 

3 

0. 0020 

0. 0007 

10 —  q 

—1. 541 

+  1.774 

1 1 —  0 

4-  I  0*75! 

I — 

4 

+ 

0. 0732 

+ 

0.  3879 

12 —  9 

_|_0.  120 

4-  0  iCA 

2— 

4 

0. 0262 

0. 2236 

8  10 

+0.  134 

3- 

4 

+ 

4. 6982 

+ 

I.  i8go 

+  0.044 

4— 

4 

28.  6894 

+ 

29.4477 

9 — 10 

-0.  355 

+  0.  564 

S~ 

4 

2.5835 

+ 

16. 9438 

10 — 10 

-0.  888 

—  1.077 

6— 

4 

+ 

I.  S419 

+ 

3. 7988 

1 1  10 

—  1.275 

—  0.  674  ' 

7- 

4 

+ 

0.7184 

0. 405s 

12—10 

-0.  755 

+  0. 010 

8- 

4 

+ 

0. 1398 

0.0133 

9-1 1 

+0.004 

+  0.099 

9— 

4 

+ 

0.0171 

0. 0140 

10— II 

—0.378 

—  0. 135 

10 — 

4 

+ 

0. 0008 

0. 0031 

II— II 

+0. 444 

—  0.  617 

3- 

S 

+ 

0.  2732 

0. 0770 

12 — II 

.  +0.237 

—  0. 854 

4— 

5 

0. 2338 

+ 

4. 1548 

10—12 

— 0.051 

+  0.  on 

5- 

5 

22. 1066 

12. 6478 

II— 12 

+0. 015 

—  0.  248 

6— 

5 

12.5826 

+ 

0. 4445 

12—12 

+0. 402 

+  0. 114 

7— 

5 

2. 9721 

2. 0845 
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The  expressions  for  the  factors  C,  D',  E',  and  H'  are: 


C 

D 

E' 

H' 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H 

i'  i 

// 

// 

// 

// 

tt 

// 

// 

0 

0  0 

— 

2. 2220 

'  _ 

+  0.981 

—  I 

I  0 

—    0.  22 

+ 

1.66 

+  0.35 

+  2,61 

+  0.53 

-  1.55 

+  0.85 

—  1.63 

—  I 

2  0 

+  3.98 

+ 

19. 20 

—20.  61 

—14.03 

—  6. 16 

+  4.17 

+12.91 

+  8.62 

0 

I  0 

—   8. 0924 

— 

38. 5602 

+  9.296 

+  6.423 

+  9. 297 

—  6,422 

+23. 605 

+16. 862 

0  0 

+  4.0750 

19. 2066 

+  8.30 

+  5.60 

—  6.22 

+  4.40 

—43.03 

—31.24 

3  0 

+  2.02 

3- 04 

-  3-74 

-  7.27 

—  0. 04 

+  1.50 

+  2.64 

-f-  0.  00 

0 

2  0 

—   3. 9280 

5.5262 

+  2.  247 

+  4.361 

_J_    I    f  2/1 
-f-    1.  1^4 

  2. 181 

  0  201 

  3.  182 

I 

I  0 

1.96 

+  1.09 

+  1.73 

  0.  '?I 

+  1.  16 

—  1.18 

_  1.8^ 

4  0 

-|-     0.  40 

t 

-r 

0.  26 

+  0.06 

-  1.75 

0.  00 

+  0.  28 

  0.  17 

4-  1.4.8 

0 

3  0 

—   0. 7^4^ 

0. 4272 

—  0.025 

+  I. 171 

0.  008 

—  0.  ^yu 

+  0.  i8i 

  0.  Q71 

I 

2  0 

+   0. 34 

0. 08 

+  0.03 

+  0.35 

+  0.  06 

+  0.  16 

—  0.  on 

—  0.  2Q 

—  I 

5  0 

0.00 

+  0. 10 

—  0.  25 

+  0.  02 

-4-  0  oi 

  0.  1 1 

+  0.  21 

0 

4  0 

—  0. 0998 

0.0042 

—  0. 109 

+  0. 189 

  027 

  0  C\A*7 

  U.  U4/ 

  0. 1A7 

3  0 

H~  0. 04 

0,00 

+  0.04 

+  0.03 

+  0.  02 

+  0.  01 

—  0. 02 

—  0.  OS 

—  I 

6  0 

-|-  0. 02 

0.00 

+  0.02 

—  O.OI 

  0.  02 

+  0. 01 

—  I  — 

2 —  I 

0.00 

0. 02 

—  0.04 

+  0.04 

—  O.OI 

—  O.OI 

+  0.08 

—  0.06 

0  

3—  I 

—  0.095 

+  0.028 

+  0.032 

+  0.009 

—  0.054 

+  0.013 

I  — 

4—  I 

+  0, 14 

—  0.09 

—  0.02 

—  O.OI 

—  O.OI 

+  0.03 

—  I  — 

I—  I 

0.00 

0. 00 

—  0.  39 

—  0. 10 

—  0. 10 

—  0.02 

+  0.60 

+  0.03 

0 — 

2 —  I 

-f  0. 0140 

+ 

0.  2504 

-  0. 532 

—  0.  no 

+  0.  266 

-  0.055 

—  0. 217 

—  0.175 

1  — 

3—  I 

0.00 

0. 16 

+  1.05 

+  0.23 

—  0.20 

+  0.04 

—  0.28 

+  0.09 

—  I 

0 —  I 

+  0.08 

+ 

0.  38 

—  2.28 

—  2.05 

—  1.66 

+  2.09 

+  0.84 

+  4.63 

0 — 

I —  I 

+  0. 7236 

+ 

3.6308 

—  1.657 

-  1.355 

+  1.657 

-  1. 355 

+  1.388 

—  2.805 

I— 

2—  I 

—  0.44 

2. 12 

+  4.48 

+  3.84 

—  0.99 

+  0.67 

—  2.71 

—  0.90 

—I 

I—  I 

—  23. 2404 

no.  8630 

—14.09 

—31.76 

+  7.71 

—16. 98 

+  7.21 

+16. 18 

0 

0 —  I 

+  28.0898 

+ 133.3682 

0.000 

0.000 

— n.68i 

+25.334 

0. 000 

0, 000 

I— 

I—  I 

—  11.00 

51.84 

+  13.98 

+31.76 

+  7.89 

—16. 97 

—  7.03 

—16. 24 

— I 

2—  I 

+219.72 

+1046.56 

+  3.61 

—  4.00 

+  1.41 

+  0.96 

—  4.04 

+  2.62 

0 

I —  I 

—438. 3416 

— 2101. 1468 

—  1.586 

+  1.440 

—  1.586 

—  1.440 

+  Z'^^Z 

+  0. 774 

I 

0 —  I 

+219.44 

+1053.90 

—  1. 10 

+  1.70 

+  0.46 

+  2. 10 

—  1.46 

—  3.07 

— I 

3—  I 

—  14.42 

+ 

78. 24 

— 16. 02 

+  15.91 

—  3.30 

—  3-31 

+22.  70 

—21.73 

0 

2—  I 

+  35-4446 

127.7548 

+  10.  203 

— 10, 000 

+  5. 102 

+  5.000 

—15.996 

+15.204 

I 

I —  I 

—  26.9934 

+ 

19.8396 

+  2.56 

—  2.59 

—  3.50 

—  3- 42 

—  1.49 

+  1.56 

—I 

4—  I 

-  5.56 

+ 

7.96 

—  8.89 

+  2.51 

—  1.43 

—  0.45 

+  10. 49 

—  2.70 

0 

3—  I 

+  10.9366 

13. 1390 

+  6.  295 

—  1. 795 

+  2.099 

+  0.598 

—  7. 947 

+  2. 106 

I 

2—  I 

—  4.88 

+ 

3- 30 

+  0.93 

—  0.47 

-  1. 16 

—  0. 17 

-  0.55 

+  0.4S 

5-  I 

—  0.68 

+ 

1. 26 

—  2.23 

-  0.55 

—  0.30 

+  0.04 

+  2.31 

+  0.62 

0 

4—  I 

+  1. 2096 

2. 0368 

+  1.688 

+  0.422 

—  0.096 

—  1.830 

— •  0. 468 

I 

3—  I 

—  0.34 

+ 

0.68 

+  b.  21 

—  O.OI 

—  0. 18 

+  0.08 

—  0. 17 

+  0.06 

— I 

6—  I 

—  0.06 

+ 

0. 14 

—  0.36 

—  0.  33 

—  0. 04 

+  0.03 

+  0.34 

+  0.28 

0 

5-  I 

+  0. 0442 

0.  2830 

+  0.264 

+  0.  236 

+  0.053 

—  0.047 

—  0.  252 

—  0.  241 

4—  I 

—  0. 02 

+ 

0. 10 

+  0.05 

+  0.03 

—  0.02 

+  0.03 

—  0.06 

+  0.02 

7-  I 

—  0.02 

+ 

0. 02 

—  O.OI 

—  0.04 

+  O.OI 

+  0.04 

0 

6-  I 

+  0.020 

+  0.059 

—  0.016 

-  0.055 

5-  I 

0. 00 

0. 02 

0.00 

—  0.03 

+  0.00 

+  0.03 
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TI 

J 1 

Arg=H/+i'^'-|-i5 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

K 

n 

ft 

// 

// 

// 

// 

I—  2 

o,  oo 

-f-     0, 02 

0.00 

+  0.03 

0. 00 

0.  00 

O  

2—  2 

—  0.003 

+  0.030 

_|_  0. 001 

I  — 

3—  2 

o.  oo 

—     0. 02 

0.00 

—  0.06 

0. 00 

— 0.  01 

 1 

O—  2 

_|_     0. 08 

+  0. 10 

+  0.  26 

  0.08 

4-0.  17 

  0  07 

  0. 16 

o — 

I—  2 

—   o,  0464 

+     0.  1886 

—  0.072 

+  0. 108 

4-  0.  072 

+0. 108 

4-  0  117 

 0. 068 

I  — 

2—  2 

0. 06 

  0.  14 

+  0.02 

—  0.40 

—  0.  OA 

 0.  1 1 

  0  17 

+  0.  26 

—  I 

I—  2 

  2. 08 

  10. 42 

—  2.32 

+  0.  21 

-|-  I.  01 

 2.  80 

4-  I  10 

  i^  01 

o 

O—  2 

-j_   II.  0004 

0. 000 

0.00 

—  0.  720 

4-4. 

0. 000 

0. 000 

I— 

I —  2 

—     0.  18 

—  3.88 

+  2.74 

—  0.  29 

-1-  0.  "^0 

 2.  02 

  1, 54 

4-  I  07 
-p  1.  u/ 

—I 

2—  2 

-L  21. 1± 

-|_I2I,  46 

—24. 82 

+  5.32 

—  7.  ^4 

 I.  72 

4-l8  2A 

—  1  nn 

o 

I—  2 

— 216.  oa6a 

+11- 139 

—  2.407 

4-II.  I'?7 

4-2.  407 

  7.  078 

4-    I  70*7 

-p  I.  /U7 

X 

O—  2 

4-  '?2.  "lO 

-1- 1 17.  62 

+10. 07 

—  2.00 

—  7.  40 

—  I.  40 

—  8.87 

4-  1  6a 
-p  1 .  uq. 

—I 

3—  2 

_|-i86.  28 

  60.  AA. 

-  6.47 

-5.18 

  I.  CI 

4-1.  lA 
-pi.  1^ 

4-   C  2C 

^  4-  *3 

o 

2—  2 

— VIA*  2402 

+  146.  0158 

+  3.908 

+  2.986 

-\~  1.0^4 

—  I.  401 

—  2.  908 

I 

I—  2 

+  186.  18 

—  78.  <;6 

+  1. 41 

+  0.72 

—  0.  76 

-I-I.O8 

—  I.  22 

  0  71 

— I 

4—  2 

+  9-44 

+  14.  30 

-\~  1.48 

— 2.  24 

*  J*  yy 

 22.  50 

o 

3—  2 

4-  80.0812 

—  6.  793 

—10. 486 

—  2.  2'?7 

4-"?.  40^ 

4- 10. 800 

-piw.  wyy 

4-17  oa6 

-pi/.  yij.u 

I 

2 —  2 

4-  10.  08 

  42.  10 

—  0.  26 

—  0.45 

+  1.60 

— 2.  42 

1.  ly 

—I 

5—  2 

—     0.  lA 

—  10. 18 

+  0.71 

+  8.65 

4-  0.  12 

—  I.  14 

—  0.  67 

o 

4—  2 

+    I.  '?874. 

4-  10. 12^8 

—  0.  527 

-  6. 755 

—  0.  I'?2 

-I-I.680 

4-  0.  C'?8 
-p     J  J" 

4-  0  A08 

-p  y.  ^^/o 

I 

3—  2 

—     2.  00 

—    7.  6a 

—  0.  24 

—  0.09 

—  0.  02 

— 0.  07 

4-  0  12 

-p    KJ.  ^i, 

— I 

6—  2 

—  1. 

—  1.05 

+  2.31 

  0.  1 1 

—0.  27 

—  2.  64 

o 

5-  2 

+     1. 8718 

4-*  2.  2764 

+  0.835 

—  1.862 

4-  0. 167 

.  4-0. 172 

  I.077 

4-  2  2CA 

1 

4—  2 

  0. 96 

  0.68 

—  0. 06 

—  0.  og 

 0. 12 

 0    T  7 

j    0.  1 1 

— I 

7—  2 

—    0.  18 

—  0.08 

—  0.46 

+  0.33 

—  0.04 

— 0.  03 

+  0.46 

—  0. 33 

o 

6—  2 

+  0-3954 

+  0. II44 

+  0.372 

—  0.  279 

+  0.062 

+0. 047 

—  0.422 

+  0.  297 

I 

5-  2 

—   0. 14 

—  0.04 

—  0. 01 

—  0.02 

—  0.03 

—O.OI 

+  0.06 

+  O.OI 

— I 

8—  2 

—   0. 04 

—   0. 02 

—  0. 07 

+  O.OI 

—  O.OI 

0.00 

+  0.06 

—  O.OI 

>  o 

7—  2 

+   0. 0508 

—   0. 0164 

+  0.089 

—  0.012 

+  0.013 

+0. 002 

—  0.092 

+  0.009 

6—  2 

0. 00 

0.00 

—  0.03 

o".  00 

—  O.OI 

0.00 

+  0.04 

0. 00 

o 

8—  2 

—  0.014 

—  0. 006 

—I 
o — 

0—  3 

1—  3 

0. 00 

_L     0  OA 

+  0,005 

+  0.003 

+  0,  016 

  008 

I — 

2—  3 

0. 00 

  Q2 

— I 

I—  3 

  0. 20 

  0. 86 

+  0.  10 

+  0.06 

-l-  0.  II 

 21 

o 

0—  3 

0. 1656 

_L     0.  8a  t  A 

0. 000 

0.000 

  0. 166 

4-0  157 

0. 000 

0.  000 

I — 

I—  3 

  0. 04 

  0.  28 

—  0.  10 

—  0. 10 

_l_  0.  1 1 

 Q,  25 

-p  0.  07 

+  0.  08 

2—  3 

+    1. 86 

_|_  10.  12 

+  0,22 

+  1-30 

—  0.  05 

— 0.  02 

—  0.  12 

—  u.  yo 

o 

I  -  3 

  20.  1678 

4-  0.  oq6 

—  0.  KK'l 

_l_  0.  096 

4-0  CCA 

—  0,  066 

-r  0.  35 1 

I 

o-  3 

+  2.38 

+  10.  12 

—  0.34 

—  I.  II 

—  0.06 

— 0. 42 

+  0.  20 

+  0.86 

— I 

3-  3 

+  3.86 

—  7.50 

+  0.20 

+23.54 

+  0.09 

-4. 87 

—  0.  16 

— 16.04 

o 

2-  3 

—  14-5410 

+  5-9098 

—  0.068 

—  14.  807 

—  0. 034 

+7.405 

+  0.0305 

+  9.  186 

1 

I-  3 

+  8.32 

—  1.80 

+  0.06 

-  3-98 

+  O.OI 

—4. 93 

+  0.02 

+  3-94 

4-  3 

+  78.80 

+  110.  42 

-  6.57 

+  7.31 

—  1.09 

— 1. 27 

+  5.05 

-  5.79 

o 

3-  3 

— 161. 2766 

— 222.5100 

-f  4.448 

-  5.196 

+  1.483 

+1.732 

—  3.016 

+  3-902 

I 

2-  3 

+  80.90 

+  III.56 

+  0.31 

—  0.80 

—  0.97 

— 0.  80 

—  0.44 

+  0.71 
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C 

D 

E' 

Arg=x 

sin. 

cos. 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

H 

i'  \ 

// 

// 

n 

If 

// 

// 

n 

— I 

5—  3 

+  45-04 

+  ig.  60 

+10.  75 

— 4-  21 

+  1.35 

40. 53 

—18. 45 

+  6.60 

o 

4—  3 

88.7194 

35.9720 

  0.494 

+3*219 

—2. 123 

— 0. 805 

+  15.720 

—  5-424 

I 

3—  3 

+  41.10 

+  13-26 

+  0.54 

— 0. 30 

^iTso 

+0. 62 

—  2.32 

+  0.82 

— I 

o—  3 

+  10.94 

— 

1.60 

+  7-29 

+0. 92 

+0,81 

—0.08 

—10.  36 

—  1. 51 

o 

S—  3 

— 

20.  6194 

+ 

4. 0212 

—  5-973 

— 0.  756 

—1.195 

+0. 151 

+  8.906 

+  1.326 

4—  3 

+ 

8.42 

— 

2.84 

+  0.31 

+0.  15 

+0. 70 

— 0. 14 

—  0.87 

—  0.43 

7—  3 

1.52 

— 

1.30 

+  2.07 

+  1.40 

+0. 20 

—0. 13 

—  2.43 

—  1.90 

o 

0 —  3 

— 

2.  6574 

+ 

2.  6124 

^— I.  2\jO 

— 0. 281 

+0,  201 

+  2. 197 

+  1.653 

I 

S—  3 

+ 

0.  88 

— 

1.24 

  0.03 

+0. 17 

+0. 13 

— 0. 12 

—  0. 17 

—  0. 23 

+ 

0. 08 

— 

0.  32 

-1-  0.  21 

1 

+0,58 

+0. 02 

— 0, 05 

—  0.  29 

—  0. 61 

o 

7—  3 

— 

0. 1210 

+ 

0.  5698 

—  0.  228 

— 0. 476 

— 0. 033 

+0.068 

+  0. 259 

+  0. 582 

I 

6-  3 

0.  00 

— 

0.  24 

+  0.03 

+0.01 

+0.01 

— 0,04 

+  0.03 

—  0.  10 

9—  3 

0.00 

— 

0.  06 

0.00 

+0.  08 
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— 0. 022 
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-4-0. 66 

0.  00 

— 0.  OK 

 0. 08 

 0.  Ka 

—V.  ^4 

7 —  9 

— 0,  400 

4-  0.  i;o2 

— 0. 07 1 

— 0.  <6o 

— 0,  010 

+0. 081 
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—2.  n;8 
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— 0.  83 
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+  2.38 

+0.48 
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0.00 

+0,04 

+0.  72 
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+1.114 
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+0. 038 
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-0.44 

+  2.19 
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—  0.05 

— 0. 02 

+0.04 

7— lo 

+0,015 
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-  0.175 

— 0. 424 
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— 0. 093 
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0.  35 
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The  second  factors  of  6T  and  <JT'  have  all  been  given  except  <J^,  and  the 
similar  quantities  for  Saturn.  To  complete  the  matter  of  this  chapter  these  are  now 
given : 
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+  4.719s 
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O —  I 
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O —  2 

+  0.0074 

—0. 0047 
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0.  0000 
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+0.0001 

— 0.0010 

1+  3 

—  0.0001 
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+0. 0007 
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+  0.0008 
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I —  I 

—  0. 7887 
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I —  2 
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n     Y  oQf 
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+0.0004 
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2  O 
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+0.0174 
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— 0. 0902 
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2 —  2 
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2—  3 
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+0. 0031 
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2—  4 
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3+  I 

+  0.0002 
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_L-ft  rvT^A 
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3  o 

—  0.0178 
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,  0  QjioS 

3—  I 

+  I. 8188 

+1.5474 

+0.  0394 

+0. 0061 

3—  2 

+  2.0702 

+4. 3071 

+0.  4384 
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3—  3 

+  3.5824 

—5. 0503 

+0. 0752 

— 0. 0068 

3—  4 
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4-  5 

—  0.0114 
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+  C.OOS3 
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5"  2 
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-j-O.  1867 

+0. 1039 

5 —  5 

 I^  2071 
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— o- 1557 
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+0-  4354 
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7 —  7 
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m   g 
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— 0.0010 
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y  IQ 
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—0,  1572 

0.0000 
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+0. 0066 
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-f-0.0107 

+0. 0059 
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o—  7 

-[-0.0591 
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9-  8 
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9—  9 
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— 0.0004 

II—  9 

— 0. 0076 
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12—10 

— 0. 0237 

— 0. 0003 

12— II 

+0. 0056 

+0. 0224 

12—12 

-I-0.009I 

— 0. 0024 

A' 

V 

cos  i' 

Arg=ty+tflr 

00s. 

sin. 

COS. 

sin. 

f  i 

// 

// 

// 

// 

0  0 

—173. 01 II 

—0. 1347 

I  0 

+  1.9899 

-  9.5637 

+1. 6004 

+  1. 1383 

2  0 

+  0.4463 

—  0.4873 

+0. 1788 

+0.4386 

3  0 

+    0. 0494 

—  0.0142 

—0. 001 1 

+0. 0529 

4  0 

+  0.0043 

+    0. 001 1 

— 0.0031 

+0.0037 

—3—  I 

—  0.0003 

—  0.0004 

— 0. 0027 

+0. 0005 

— 2 —  1 

—  0.0013 

—   0. 0042 

— 0. 0206 

—0. 0022 

— I —  I 

—  0.0144 

+  0.0529 

—0. 1508 

— 0.0996 

0 —  I 

+  4.6883 

—  22.3609 

+I.904I 

+4.0361 

I —  I 

—  74.  5932 

+355.4266 

+0. 9570 

— 0. 6482 

2—  I 

+  27.6869 

+  20.3654 

+0. 991 1 

—1.0278 

3—  I 

—  4.6889 

—  3.1427 

—0. 3682 

+0. 0102 

4—  I 

—  0. 1 221 

—    0. 2223 

+0. 0769 

+0. 0576 

S-  I 

+  0.0009 

—  0.0182 

+0. 0073 

+0. 0096 

6-  I 

+  0.0010 

—   0.001 1 

+0. 0018 

+0. 0025 
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Jill 

00s  i' 

COS. 

sin. 

COS. 

sin. 

i'  i 

// 

// 

// 

// 

—  2—  2 

—  O*O002 

-f  0.0002 

—  I —  2 

—  0.0027 

-f  0.0060 

— o.'5036 

+0. 0078 

O —  2 

-f  0.2089 

—  1.0524 

+0. 0452 

+0.0305 

I —  2 

—  2.  *j60^ 

-|-i5»  4062 

— I . 0007 

+0. 2149 

2—  2 

—31.  2415 

— 12. 8675 

— 0. 2513 

— 0. 2065 

3 —  ^ 

—  5* 1200 

— 10, 6134 

+0. 45^3 

+0. 2824 

4—  2 

-f  1.0044 

—  3*9387 

—1. 0240 

 0. 0220 

5—  2 

— 13.8298 

-|-io.  0323 

— 0. 0054 

—0.  0200 

6—  2 

—  0. 0766 

-l-  0.0013 

2446 

— 0. 0783 

7—  2 

—  0. 0041 

—  0. 0028 

+0.0157 

— 0. 0039 

8—  2 

—  0. 0001 

—  0. 0004 

—  1—3 

—  0.0002 

-f  0.0003 

o—  3 

+  0.0122 

—  0. 0568 

+0. 0074 

+0.0156 

I—  3 

—  0. 1456 

+  0. 7903 

— 0. 0052 

+0. 0303 

2—  3 

—  0-3473 

—  0.  74^0 

-f-o.  0022 

-f-o.  4002 

7   ri 

O  O 

—  0.  o47" 

+12.4735 

—0. 1 153 

+0. 1384 

4—  3 

—  5*  ^'9^^ 

+  1.9503 

-f-u.  2249 

—0. 0828 

S—  3 

—  1.7097 

  0. 5003 

+0.  2014 

-j-o.  0205 

6-  3 

—  0.  299" 

  0.  4225 

+0.  1305 

+0. 0854 

7—  3 

-|-  0. 0008 

—  0.  2547 

—0.  0107 

— 0. 0153 

8-  3 

—  0. 0175 

-j-  0. 0241 

— 0,  0013 

+0. 0016 

9 —  3 

—  0.0013 

-j-  0.  0004 

o—  4 

-f  0.0007 

—  0.0032 

I—  4 

—  0.0082 

+  0.0434 

+0.0009 

— 0.0009 

2—  4 

+  0.0033 

—  0.0282 

+0.0095 

+0.0127 

3—  4 

—  0.6779 

+  0. 17I5 

+0.  2184 

+0. 0464 

4—  4 

+  4-8353 

+  5-3003 

+0. 0712 

+0.0795 

5 —  4 

+  0.5238 

+  3-4347 

—0.  0104 

— 0.  0809 

6—  4 

—  0.4683 

~f-  0. 9^5° 

+0.  0240 

— 0. 0692 

7—  4 

—  0.  2448 

-f  0. 13»3 

+0.  0258 

— 0. 0243 

8—  4 

—  0.0723 

—  0. 0069 

+0, 0133 

— 0. 0048 

9—  4 

—  0. 0183 

—  0. 0150 

— 0. 0376 

— 0. 0065 

10 —  4 

-f-  0, 0123 

0.0463 

II —  4 

—  0. 0006 

—  0. 0004 

2—  5 

+  0.0010 

—  0.0008 

3—  5 

—  0.0290 

—  0.0082 

+0. 0104 

+0.0009 

4—  5 

+  0.0278 

+  0.4936 

+0. 0463 

— 0. 0993 

5—  5 

+  2.9806 

—  1.7054 

+0. 0527 

—0. 0341 

6-  5 

+  1.9609 

'-f  0.0693 

— 0. 0289 

— 0. 0032 

7-  5 

+  0.  5487 

+  0. 3849 

— 0. 0276 

— 0. 0173 

8-  5 

+  0.0668 

-f  0. 1698 

— 0. 0084 

—0.0137 

9-  5 

—  0.0094 

+  0.0437 

—0.0003 

—0.0058 

10-  5 

—  0.0080 

-f  0.0072 

+0. 0007 

— 0. 0022 

II-  5 

—  0. 0029 

-|-  0.0001 

+0. 0010 

— 0.0010 

12-  5 

—  0.0007 

—  0.0006 
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COB  t' 

COS. 

Bin. 

COS. 

•  Bin. 

i'  i 

3-  6 

4-  6 

5-  6 

6-  6 

7-  6 

8-  6 

9-  6 

10 —  6 

11—  6 

12—  6 

// 

-|-o.  0026 
—0. 0136 

+0.3180 

—0. 4806 

+0. 2549 

+0.  2972 

+0.1 198 

+0. 0290 
+0. 0042 
+0. 0002 

// 

— 0.0010 
+0. 0252 
+0. 0470 
—1.5908 
—1-0753 
—0.2957 
—0. 0262 
+0. 0109 
+0. 0059 
+0.0016 

It 

+0.0044 

— 0. 0426 
—0.0133 
—0.0047 
— 0. 01 1 7 
— 0. 0083 
— 0. 0029 
— 0. 0008 

// 

— 0. 0065 
—0. 0327 
—0. 0338 
+0.0095 
+0. 01 10 
+0. 0024 
—0.0005 
— 0. 0008 

4-  7 

5-  7 

6-  7 

7-  7 

8-  7 

9-  7 

10-  7 

11-  7 

12-  7 

— 0.0010 
+0. 0170 
+0. 0690 
—0. 8074 
—0.5610 
—0. 1460 
— 0. 0022 
+0.  Olio 
+0. 0036 

+0. 0018 
+0.0142 
—0. 1870 
+0. 0500 
— 0. 2616 
—0. 2172 
—0. 0828 
— 0. 0186 
— 0. 0026 

+0.0013 
—0. 0037 
— 0. 0216 
— 0. 0197 
+0.0009 
+0. 0042 
+0. 0015 
— 0. 0006 

— O.OOII 

— 0. 0013 
— 0. 0037 
+0.0171 
+0.0031 
+0. 0028 
+0. 0067 
+0.0044 
+0. 0032 
+0.0005 

6-  8 

7-  8 

8-  8 

9-  8 
to—  8 

11-  8 

12—  8 

+0,0132 

— 0. 1006 
— 0. 0698 
—0. 2078 
—0.  i486 

—0. 0534 

— 0.0122 

— 0. 0098 
—0. 0638 
+0. 3884 
+0. 2740 
+0.  oGio 
— 0. 0094 
— 0. 0092 

+0. 0039 
—0.0012 

+0. 0027 

+0. 01 16 
+0. 0107 

0.0000 

7—  9 

8—  9 

9—  9 

10—  9 

11—  9 

12—  9 

—0.0048 

—0. 0492 
+0. 1744 
+0. 1248 
+0. 0196 
— O.OII6 

— 0. 0096 
+0. 0504 
+0. 0784 
+0. 1436 
+0. 0950 
+0. 0342 

+0.0057 

+0. 0093 

—0,0014 
+0. 0013 

8—  10 

9—  10 

10 — lO 
II  — lO 
12 — 10 

— 0. 0080 
+0. 0224 
+0. 0598 
+0. 0922 
+0. 0588 

+0. 0026 
+0.0356 
— 0. 0726 
—0. 0488 
+0. 0008 

9— II 

10 —  II 

11—  II 

12—  II 

— 0. 0002 
+0.0218 
— 0. 0272 
—0.0154 

+0.0054 
— 0. 0078 
^.0378 
— 0. 0558 

10—  12 

11—  12 

12 —  12 

+0. 0026 
— 0.0008 
— 0. 0226 

+0. 0010 
— 0. 0132 
+0. 0064 

CHAPTER  IX. 


CALCtJLATION  OF  THE  TERMS  OF  dT  AND  8V  WHOSE  ARGUMENTS  ARE  y  AND  y'- 

Being  now  in  possession  of  the  several  factors  of  the  terms  of  ST  and  6V,  we 
could  proceed  immediately  to  the  calculation  of  the  terms,  strictly  of  the  second 
order,  which  arise  from  these  quantities.  But  the  more  important  parts  of  these 
functions  are  the  terms  coming  from  the  secular  variations  of  the  elements.  This 
prominence  is  kept  up  in  the  terms  of  the  third,  and  apparently  of  all  higher  orders. 
And  it  is,  perhaps,  the  most  surprising  instance  in  the  planetary  theories  of  a  lack  of 
convergence  that  the  secular  variations  of  the  eccentricities  and  places  of  the  perihelia 
of  Jupiter  and  Saturn  are  augmented  about  a  fourth  part  by  the  terms  of  the  second 
order  with  respect  to  disturbing  forces.  Since  the  mass  of  Jupiter  is  less  than  ^ 
of  that  of  the  Sun  it  would  naturally  be  supposed  that  the  ratio  of  the  second  to  the 
first-order  terms  would  be  somewhere  in  the  neighborhood  of  this  fraction.  It  is, 
however,  250  times  larger. 

By  far  the  larger  portions  of  these  second-order  terms  arise  from  the  tonus  of  ST 
and  ST\  having  severally  the  arguments  y  and  y\  By  computing  these  portions  at 
the  outset,  and  annexing  them  to  the  first-order  terms  coiTOsponding  to  the  same 
arguments  before  proceeding  to  the  general  calculation  of  ST  and  SY,  we  shall 
include  in  the  determination  of  the  second-order  terms  the  more  notable  portion  of 
the  third-order  terms.  In  like  manner,  on  arriving  at  the  general  computation  of  the 
latter,  we  shall  first  compute  the  terms  having  the  arguments  y  and  y',  and  annexing 
them  to  the  second-order  terms,  shall  then  be  able  to  include  the  more  remarkable 
portion  of  the  fourth-order  terms  in  that  of  the  third.  The  modifications  which  this 
mode  of  proceeding  requires  in  the  values  of  the  second  factors  are  readily  per- 
ceived. 

In  this  connection  it  will  be  interesting  to  see  how  much  each  set  of  terms  of  the 
second  factors  of  ST  and  ST^  contributes  to  the  terms  under  consideration.  Hence,  I 
enter  into  some  details  relative  to  them.  Defining  these  sets  of  terms  by  the  argu- 
ments on  which  they  depend,  the  general  form  of  which  is  i'g'  -f-  ig^  I  have  arranged 
in  the  following  table  the  component  parts  of  the  coefficients  of  sin  y  and  cos  y  in  ST 
and  of  sin  /  and  cos  /  in  ST\  The  numbers  given  are  in  units  of  the  seventh 
decimal  of  the  second  of  arc  for  ST  and  in  units  of  the  sixth  decimal  for  ST.  They 
arise  from  multiplying  the  terms  in  the  second  factors  having  the  argument  i'g'  +  ig 
by  the  terms  of  the  first  factors  having  the  two  arguments  zh  X  +  +  ^ff  in  the  case 
of  ST,  or  ±7''  +  i'g'  +  ig  in  the  case  of  ST\    Thus,  it  is  plain  that,  since  there  are 
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eight  terms  in  both  6T  and  ^T',  the  numbers  tabulated  are  the  sums  of  thirty-two 
component  parts.  However,  in  many  cases  some  of  these  have  no  significant 
values  : 


ST 

dV 

Bin  (—  y) 

cos  {—  7) 

sin  7' 

cos  7' 

—  158 

+ 

155 

—  6194 

—  9863 

+  1900 

4860 

+  64527 

—  7326 

+  I 

7 

+  3^5 

—  41 

+  1 

0 

+  31 

64 

—  51 

+  56 

+  IOI45 

5731 

—  9674 

+  24596 

+  27548 

24944 

  90000 

  5216 

—  500 

275 

+        I  184 

-j-  0900 

+  I 

0 

—  I 

+  17 

+  174 

59 

—  23 

-f-  200 

— I6I82I7 

+  717049 

+  63I9I 

—365746 

—  45163 

+ 

10046 

4-  28304 

+  3690 

-  +  5291 

624 

+  374 

+  1392 

+  10 

+ 

6 

+  2 

+  4 

—  I 

7 

—  8 

+  I 

—  18475 

4121 

+  7070 

—  2983 

  49S4O 

66600 

+  59124 

—  68574 

—  9443 

12882 

+  5280 

—  5075 

-f  1050 

364 

+  53 

+  184 

+  4 

0 

+  9 

12 

—  10 

+  27 

—  303245 

+1022420 

+944393 

— 508415 

4-  19018 

63009 

—  57800 

+  31889 

—  2905 

+ 

4524 

+  1506 

—  1088 

+  350 

189 

+  2 

+  47 

+  2 

0 

0 

+ 

I 

0 

-f  I 

—  236978 

+ 

700335 

+645280 

—373622 

—  41087 

+ 

145928 

+  137249 

—  71606 

—  1252 

13744 

-  13756 

+  1566 

-  948 

+ 

1581 

+  471 

-  573 

+  125 

73 

0 

+  14 

+  33 

3 

+  3 

+  34 

+  420 

1516 

—  1414 

+  719 

+  811 

2867 

—  2642 

+  1364 

+  716 

2499 

—  2290 

+  1257 

—  292 

508 

+  136 

—  179 

+  42 

22 

0 

+  5 

r 
o 


1+  I 
I  o 
I —  I 

I —  2 

1—  3 

2 —  O 
2—  I 
2 —  2 

2-  3 

2—  4 

3  o 

3-  I 
3—  2 
3-  3 
3—  4 

3-  5 

4—  I 
4—  2 
4—  3 
4—  4 
4-  5 

4-  6 

5-  I 

5-  2 
5-  3 
5-  4 
5-  5 

5-  6 

6—  2 

6-  3 
6 —  4 

6-  5 
6—  6 
6-  7 


SECULAR  TERMS  OF  THE  SECOND  ORDER. 


ST 

5T' 

sin  (— y) 

CO8  (—  y) 

•in  7' 

C08  y 

7—  3 

—  1 22 

-4-427 

— 210 

7—  4 

-I-IO5 

—601 

7—  S 

 '72Q 

+368 

7—  6 

4-168 

 6^6 

I  0 

7—  7 

—  93 

+  163 

+  40 

-  55 

7-  8 

+  14 

—  8 

—  I 

+  2 

8—  3 

4-  I 

4-  I 

—  I 

8—  4 

Q 

  I 

—  I 

0 

8~  5 

—  07 

+  49 

8—  6 

 210 

4-iog 

8-  7 

+  36 

—163 

—  161 

-f  82 

8—  8 

—  27 

+  SI 

+  9 

-  18 

8—  9 

+  5 

-  s 

+  I 

—  I 

9—  4 

—  10 

J-  'iR 

4-  '27 

—  18 

9-  5 

i~  5 

  IQ 

  II 

+  6 

9~  6 



—  12 

■   +  17 

^  7 

-j-  20 

—  77 

-  71 

+  37 

9-  8 

+  9 

—  41 

-  45 

4-  20 

9—  9 

—  8 

+  18 

+  3 

8 

10 —  4 

—  4 

+  10 

+  9 

-  5 

10 —  5 

—  2 

+  S 

+  5 

—  3 

10 —  6 

0 

—  4 

—  4 

0 

10 —  7 

+  S 

—  13 

—  12 

+  5 

lO —  o 

+  9 

—  27 

—  24 

+  12 

10 —  9 

—  I 

—  10 

—  14 

+  7 

11—  8 

0 

-  s 

-  S 

+  4 

II—  9 

+  I 

—  8 

—  8 

+  5 

11—10 

+  3 

—  4 

—  4 

+  4 

12—  9 

0 

—  2 

—  I 

0 

12 — I© 

0 

—  4 

_  4 

0 

It  will  be  perceived  that  the  arguments  2g'  —  g,  4/— 2^^,  ^g'—2g,  and  ^g'—zg 
contribute  the  largest  portions  to  these  terms  of  the  second  order.  In  the  case  of  the 
three  latter  arguments  the  cause  of  the  largeness  of  the  portions  contributed  is  the 
division  by  the  small  divisor  iYi!—2n  or  its  square.  But  in  the  case  of  the  first,  2g'—g^ 
this  cause  does  not  operate,  and  yet  for  Jupiter  this  argument  contributes  the  largest 
quota.  Hence,  it  is  hardly  correct  to  say  that  the  superior  magnitude  of  the  terms 
we  are  considering  is  due  to  the  smallness  of  5^'— 2w.  However,  2g'—g  maybe 
considered  as  an  argument  of  long  period,  since  j^^r^  about  5.  But  the  actual 
explanation  of  the  magnitude  of  the  coefficients,  whose  component  parts  have  just 
been  given,  appears  to  be  that  the  terms  of  T  and  T'  having  the  arguments  y  and  y' 
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are  exceptionally  small  This  will  be  apparent  when  we  write  them  in  connection 
with  the  maximum  terms,  as  follows : 

T  =  —    1. 142  sin  (—  y)  +     1.017  cos  (—  y) 

-  47.872  &in{-y+  2g'~g)  +    20.556  cos  {~  y  +  2g'~g) 

T'=z        8.631  sin  y^  —     5.350  cos  y' 

+  413-905  sin  (y'—g^)         +1977-900  cos  (y'—g) 

With  them  may  also  be  compared  the  largest  terms  of  the  factors  Gr  and  Gc' 


G  =  167.70  sin  {—  y+  2g*~  g)  —  71.60  cos  {^y+  2g*—  g) 
6'=  —  782.26  sin  {y'—  g)  —  3729.47  cos  {y^— g) 


Adding  the  components  of  6T  and       given  in  the  preceding  table,  we  obtain 

tfT  =  —  0.2260338  sin  (—  y)  +  0.2563282  cos  (—  y) 
dT*=  +  1.77 1981  sin  y      —  1.345783  cos  y* 


It  is  desirable  to  have  the  means  of  readily  changing  these  expressions,  so  as  to 
correspond  to  any  new  values  of  the  masses  of  Jupiter  and  Saturn  that  may  be 
adopted.  Thus,  by  adding  the  five  terms  of  involving  the  factors  A  to  E,  we 
find  that  the  portion  of  6T  proportional  to  (  ^m) 

—  o''.035i4io  sin  (—  y)  +  0^.0526059  COS  (—  y) 

and  by  adding  the  three  terms  involving  the  factors  F  to  H,  we  find  that  the  portion 
of  (JT  proportional  to  7^  •  is 

—  o".i9o8928  sin  (—  ^)+  0^.2037223  cos  (—  y) 
In  like  manner,  the  portion  of       proportional  to  (^^  + 

+  i'^337O09  sin  y'~  i".o667i3  cos  y* 

and  the  portion  proportional  to  jip^  •  7"^^  is 

+  o"*434972  sin  y*—  o'^,2jgo'jo  cos  y^ 


SECULAR  TERMS  OF  THE  SECOND  ORDER. 


By  joining  the  second-order  terms,  which  arise  from  6T  and  6T\  to  the  principal 
secular  terms  of  the  first  order  of  and  obtained  in  preceding  chapters,  we 
have  the  following  exhibit : 


Action  of  Mercury 
Action  of  Venus 
Action  of  the  Earth 
Action  of  Mars 
Action  of  Saturn 
Action  of  Uranus 
Action  of  Neptune 
Terms  factored  by  f    ^  ^\ 
m 


Terms  factored  by 
Sum 


I  +  m 


Action  of  Mercury 
Action  of  Venus 
Action  of  the  Earth 
Action  of  Mars 
Action  of  Jupiter 
Action  of  Uranus 
Action  of  Neptune 
Terms  factored  by  + 

Terms  factored  by 
Sum 


I  +  m 


// 

—  0.0000059'*'^  6iiir^-='  y)  — 

OtOoooi37^^  cos  (— 

9) 

—  0.0000153^^  sin  (—  g)  — 

0.000714471^  cos  (— 

9) 

—  o.oooi53on^  sin  (—  g)  — 

0.001837271*  cos  (— 

9) 

+  0.0002  i38n^  sin  (  —  ^)  — 

0.000221771*  cos  (— 

9) 

—  1.017^6^671^  sin  ^—  cfl  — 

I.I/L20'30l7t*  COS  r  — 

a) 

if/ 

 0^002 T*7CT7i^  sin  (  /i\  

0.02I^A6o7i*  COS  {  — 

y) 

—  o.uoouo3j'v&  am  y) 

9) 

—  0.052605971^  sin  (  —  i/)  — 

0.035141071*  cos  (— 

9) 

—  0.203722371*  sin  (—  g)  — 

0.190892871*  cos  (— 

9) 

—  i.2759io6n<  sin  (—  g)  — 

1.396224371*  cos(— 

9) 

71  oar 

// 

o.oooooon'*  sin  ^jf'— 

0.0000057^'*  cos  g^ 

^  0  Q00002Mi'lS  Rin  fl'^ 

0.0002  ?  cTi,'/  ens  rt' 

+  o.ooooo4W'<  sin  g*— 

0.00057971'*  COS 

—  0.000044^'^  sin 

0.00017271'*  COS  ^ 

—  S-3Soo8ow'f  sin 

8.6310677^'*  COS  / 

+  0.085000^'^  sin  p'— 

0.15565271'*  COS  ^' 

—  o.ooi474?i'<  sin 

0.03293671'*  COS  g^ 

—  1.0667 13^'*  sin 

1.3370097^'*  COS  ^' 

—  0.279070^'^  sin 

0.43497271'*  COS  g* 

—  6.612375^'^  sin  p'— 

10.5926277^'*  COS  p' 

The  expressions  actually  used  in  Chapter  XI  for  determining  the  portion  of  6Ty 
which  is  factored  by  nt^  are 

ndz  =  —  1.275913371*  sin  (—  g)  —  1.396220071*  cos  (—  g) 
n'6z'==  —  6.61229871'*  sin  g'      —  10.59264571'*  cos  <;' 


The  terms  dependent  on  the  arguments  2^,  35^  •  •  •  2/,  3fl^  -  .  .  can  be 
found  by  the  formulse  of  page  102, 
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The  secular  terms  of        and        are,  in  like  manner,  summed  as  follows : 


cos  I 


cos 


u 
cos  ♦ 


Action  of  Mercury 
Action  of  Venus 
Action  of  the  Earth 
Action  of  Mars 
Action  of  Saturn 
Action  of  Uranus 
Action  of  Neptune 

Sum 


+  o.ooooo8ow<  sin  (- 
+  o.ooo22oiw^  sin  (- 

—  o.ooo4354W<  sin  (- 

—  o.ooooiSSnt  sin(- 
+  0.2844315^^  sin  (- 

—  o.ooi9io3W<  sin  (- 
+  0.0001987/1^  sin  (- 


■  g)  —  o.ooooiyiw^  cos  (—  g) 
g)  —  0.0001852^^  cos  (—  g) 
g)  +  o.oooo23on^  cos  (—  g) 

■  g)  —  o.oooi257n<  cos  (—  g) 
■/)f)  +  o.i253si4W<  cos(-^) 

g)  —  0.0008950*1*  cos  (—g) 

■  g)  +  0.000682571*  cos  (—  g) 


+  0.2824940*1*  sin  (—  g)  +  0.1248339*1*  cos  (—  g) 


Action  of  Mercury 
Action  of  Venus 
Action  of  the  Earth 
Action  of  Mars 
Action  of  Jupiter 
Action  of  Uranus 
Action  of  Neptune 

Sum 


w 

cos  i' 

//  // 
+  0.000005W'*  sin       o.ooooo2n'*  cos  g' 

+  0.000067*1'*  sin       0.000036*1'*  cos  g* 

+  0.000086*1'*  sin  ^'+  0.000212*1'*  cos  g' 

+  0.000051*1'*  sin  //'+  0.000022*1'*  cos  g' 

+  1.106428*1'*  sin  //'+  1.552265*1'*  cos  ^' 

+  0.032793*1'*  sin  //'+  0.042895*1'*  cos  ^' 

—  0.001104*1'*  sin  ^'+  0.005024*1'*  cos  g' 

+  1.138326*1'*  sin  ^'+  1.600384*1'*  cos 


The  secular  term  of      is  the  same  as  the  non-periodic  secular  term  of  —  2^ 


CHAPTER  X.  


CALCULATION  OF  THE  PORTION  OF  ST  NOT  FACTORED  BY  nt 

In  determining  the  portion  of  5T,  which  follows,  a  table  of  limits  for  the  retention 
of  terms  for  each  argument  rb  X  +  i'ff^  +  iff  was  computed  from  the  formula 

i V  +  in    Vn'  +    ±  i )  w 

n  a  ^ 


and  only  those  combinations  were  retained  in  which  at  least  one  coefficient  exceeded 
this  limit.  It  has  been  deemed  advisable  to  give  separately  the  eight  products  whose 
sum  forms  ST :  . 


A.n6z 

o)  +  Xo 

Yn'Bz' 

Arg= 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

Bin. 

COS. 

X    i'  i 
O     O  0 

n 

// 

— O.0004I7I8 

// 

// 

+0. 00039938 

// 

// 

+0.00014725 

// 

// 

—0.00015832 

I     O—  I 

+0. 0059 

— 0. 0012 

+0.0145 

—0.0006 

— 0, 0104 

— 0. 0051 

+0.0433 

— 0.0019 

— I    o  o 

—0. 027405 1 

+0. 0386863 

—0. 0085509 

+O.OI4I722 

—0. 1400087 

+0. 1637579 

—0. 0508789 

+0.0399329 

O  0 —  I 

+0. 0462 

— 0. 0588 

+0.0127 

— 0.0180 

+0, 1348 

— 0. 1529 

+0.  0495 

— 0. 0410 

10—2 

—0.017 

+0. 025 

— 0. 005 

+0.006 

— 0. 029 

+0. 048 

-0.013 

+0.015 

—  I  O —  I 

— 0. 071 

— 0. 056 

— 0.010 

—0.007 

— 0. 324 

— 0. 248 

— 0. 069 

-0.045 

O  0 —  2 

+0. 091 

+0. 068 

+0. 01 1 

+0. 007 

+0.317 

+0. 236 

+0. 067 

+0. 040 

I  0-3 

-0.035 

— 0. 022 

— 0. 003 

— 0. 002 

—0.  JOI 

— 0. 062 

— 0. 020 

— 0.014 

—  I      O—  2 

+0. 108 

— 0. 081 

+0.316 

— 0. 244 

—0.016 

+0. 007 

o  0-3 

— 0, 128 

+0.  lOI 

— 0. 296 

+0. 247 

+0. 018 

— 0.006 

I  0 —  4 

+0.046 

—0.037 

+0. 094 

— 0. 076 

-I    o— 3 

+0.003 

— 0.019 

+0.007 

— 0.044 

0  0 —  4 

— O.OIO 

+0. 027 

— o»  019 

+0.053 

I  0-5 

+0,01 

— 0.  02 

-I  1+4 

+0.  012 

—0,008 

+0.019 

—0.014 

o  1+3 

— 0.  027 

+0.017 

— 0. 052 

+0. 034 

I  1+2 

+0.017 

— 0. 006 

+0.043 

—0.015 

-I  1+3 

+0.035 

-0. 073 

+0. 071 

-0.138 

O  1+2 

— 0.  094 

+0. 193 

— 0.  230 

+0.465 

+0.003 

— 0. 022 

I  I+I 

+0.  070 

—0. 152 

+0. 227 

— 0. 493 

— 0. 007 

+0. 021 

-I  1+2 

+0.  029 

+0. 031 

+0. 003 

+0.004 

+0.085 

+0. 090 

+0. 022 

+0. 020 

O  I+I 

— 0.  087 

— 0. 072 

— 0.012 

— O.OII 

—0.317 

— 0.  271 

—0.073 

— 0.072 

I      I  0 

+0.  0626 

+0.0535 

+0. 0108 

+0. 0103 

+0. 3316 

+0.  2838 

+0. 0790 

+0. 0749 

-I  I+I 

—0. 0196 

+0. 0057 

—0. 0083 

+0. 0042 

— 0. 0215 

— 0. 0002 

— 0.0124 

+0.0043 

255 
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Arf?"' 

An5;? 

B{v  — 

0)  +  Xo 

—  0') 

Iff 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

X  »' 

0  I 

i 

0 

// 

+0. 0405 

// 

— 0. 0241 

// 

-J-O.  01 00 

// 

— 0.  0109 

11 

+0. 0698 

// 

— 0. 0502 

~|-o.  0209 

// 

—0. 02 1 8 

I       I  — 

I 

~o.  0218 

+0.01 17 

— 0.  01 2 1 

+0. 0079 

— 0. 0815 

+0. 0572 

— 0. 0169 

+0. 0249 

 1  I 

0 

— 0. 0039 

—0, 0141 

 0.  SjfJ^^Z, 

 r\  rk¥  *tR 

—0.0143 

+0. 0450 

— 0. 0274 

— 0, 1 010 

I 

+0. 0077 

+0. 0091 

-+0.  002 1 

+0.0158 

— 0. 0390 

~]~o.  0050 

I        I  — 

2 

— 0. 0007 

— 0. 0005 

-+0. 0040 

+0. 0027 

+0. 0074 

+0. 0015 

+0. 0145 

I 

— 0. 0498 

— 0. 0229 

——0. 0138 

— 0. 2019 

— 0. 1080 

— 0. 0481 

— 0. 0346 

0       I  — 

2 

_|-o.  067 

-J-W.  VjFJ  a 

-+0. 019 

J-O  lOd. 

+0.  05  I 

+0.  036 

I     I — 

7 
%7 

 0  02  c 

 0,  01 1 

 0.  06 1 

 0.  022 

 0.  01  ? 

— 0. 008 

—I  I— 

2 

— 0. 072 

+0.004 

— 0. 008 

-l-o.  \A.A. 

— 0  70Q 

+0.  022 

— 0. 054 

O       I  — 

3 

+0. 087 

— 0.004 

+0.  008 

— 0.  177 

~4-0-  707 

— 0.  022 

+0.  053 

I  I— 

4 

-|-0, 01 1 

A-o.  07? 

 O-  OQC 

+0. 007 

— 0. 017 

 I  I  

3 

+0. 064 

+0.  214 

— 0. 008 

—0.012 

0  I— 

4 

 0. 089 

 0. 07 1 

 0.  214 

—0  I  Cq 

+0. 007 

+0. 014 

I  I— 

5 

J_0.  OA 

4-0  07 

-l-o  OC 

T            O  t 

—  I  2-f- 

3 

-f-O.  012 

+0.009 

+0.018 

+0.014 

O  2-|- 

2 

— 0.  022 

— 0. 021 

— 0. 040 

—0. 039 

I  2-f- 

I 

+0.007 

+0. 014 

+0. 017 

+0.  034 

—  I  2-t- 

2 

+0. 098 

+0. 023 

+0. 177 

+0.  045 

— 0. 007 

+0.  002 

1 

— 0.  251 

— 0. 060 

-j-u.  uo^ 

0. 000 

—0. 611 

-0. 145 

+0.  024 

I  2 

0 

+0.1 755 

+0.0385 

— 0.  0035 

—"0. 0002 

+0.  6443 

+0. 1391 

—0. 0231 

—0.  0041 

1           o  1 

— I  2-|- 

I 

— 0. 0250 

+0. 03 1 1 

— 0,  003 1 

-^u.  0000 

— 0. 0608 

+0.0774 

 0.  0142 

-J-O,  0220 

0  2 

Q 

+0. 0486 

—0. 0838 

+■0.  01 1 1 

+0.1744 

—0.  3078 

\  oAoo 

-—0. 1063 

I 

— 0. 0292 

+0. 0502 

— o.  0089 

— 0.I9I5 

+0. 3287 

— 0.  0055 

J_0    1  ¥  tfi 

~  I  2 

0 

+0. 0017 

—0. 0074 

— 0, 0030 

— 0, 0053 

+0. 0087 

— 0. 0052 

— 0.  0010 

 U.  UZUU 

0  2— 

1 

+0. 00899 

+0.01 147 

-pu.  uoojy 

—0.00175 

+0. 01928 

~pu.  ui^^y 

J— 0  omno 
— pu.  uiyyu 

I  2~— 

2 

— 0. 0006 

— 0. 0023 

— 0. 0040 

— 0.  0053 

+0.0017 

—0. 0302 

— 0.0155 

— 0. 0079 

1 

~[-o.  0091 

— 0. 0097 

+0. 0154 

~~— U.  (JUUO 

— 0. 0050 

— 0. 0098 

J_o  oRo*? 
-pu.  uo^  J 

— 0.  0450 

0  2— 

2 

 0016 

+0. 0097 

— 0. 0098 

-po.  0055 

— l-o  nfirt7 

J-O  0108 

— 0.  06 1 1 

+0. 0378 

I       2 — 

3 

~|-o.  006 

 007 

— 0.  00^ 

+0. 001 

—0. 019 

— 0.  001 

— 0.  002 

—  I       2 — 

2 

_|_o.  01 1 

— O-  0^2 

+0.001 

—0. 016 

 0  207 

+0.  O2O 

— 0. 051 

0  2— 

3 

 01^ 

+0. 069 

— 0.  002 

+0.016 

-|-u.  lyy 

— 0. 021 

+0-  053 

I  2— 

4 

— 1-0. 004 

 0  01  K 

+0. 007 

 n  nCrt 

u.  u^y 

+0. 004 

~o.  016 

— I  2~ 

3 

-J-O.  065 

+0,  005 

+0. 001 

+0. 260 

J-O  occ 

~ro.  055 

+0.  039 

+0. 007 

O  2— 

4 

— 0. 074 

—0. 016 

— 0. 006 

0.000 

— 0.  25  I 

— 0.  043 

— 0. 040 

— 0. 007 

I  2— 

5 

j  OO4 

-pU»  \J  jO 

—Lo  019 

+0.012 

+0.  002 

2 

— 0. 005 

+  0.013 

— 0. 007 

+0.015 

o  3-f- 

I 

+0.013 

~0.  020 

+0.019 

— 0. 033 

I  3-i- 

O 

— 0. 008 

+0.003 

— 0. 019 

+0. 009 

¥  -i-L 

I 

— 0.  001 

+0. 104 

0.000 

+0. 171 

0.  000 

— 0. 005 

0  3 

O 

+a  0033 

—0.  2541 

+0.0010 

+0. 0039 

+0.  0010 

—0. 6243 

—0.0012 

+0. 0209 

I  3~ 

I 

— 0. 0006 

+0.135 1 

— 0. 0001 

— 0. 0029 

— 0. 0005 

+0.  6625 

+0.0016 

— 0. 0227 

-I  3- 

o 

— 0.  Olio 

—0.0164 

— 0. 0065 

—0. 0020 

+0.0132 

— 0.  0215 

+0. 0096 

+0. 0051 

o  3— 

I 

+0. 04018 

+0. 02187 

+0. 02197 

+0. 00701 

+0. 02698 

+0.04735 

+0. 02552 

+0. 00624 

I  3— 

2 

— 0. 0185 

— 0.0068 

—0.0175 

~o.  0054 

—0. 0487 

—0. 0614 

— 0. 0442 

— 0. 0120 

—I  3- 

I 

+0.0019 

— 0. 0009 

+0, 0031 

—0.0017 

—0.0155 

— 0. 0075 

+0.0155 

—0. 0143 

o  3— 

2 

—0. 0019 

+0. 0064 

— 0. 0051 

+0. 0030 

+0.01 10 

+0.0072 

— O.OII9 

+0.0186 

t 
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kn8z 

o)  +  Xc 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

K  i' 

i 

// 

// 

n 

// 

// 

// 

It 

It 

I  3— 

3 

— -o.  0007 

— |-o.  0017 

+0.0033 

— 0. 0038 

+0. 001 7 

-|-o.  0023 

+0.0002 

— 0. 0148 

—  I  3— 

2 

-|-o.  0092 

4-0. 0019 

+0,  0075 

+0.0090 

—0.0057  _ 

-^.0714 

+0.  0806 

+0. 0989 

0  3— 

3 

— 0. 009 

— 0. 003 

— 0. 006 

— 0. 004 

+0.006 

+0. 066 

— 0. 072 

—0.085 

I  3— 

4 

-|-o.  010 

+0.009 

+0.  003 

+0. 004 

— 0.  006 

—0.  022 

+0. 017 

+0. 021 

—I  3— 

3 

+0. 046 

0.000 

+0.  007 

— 0. 003 

+0. 176 

+0.  001 

+0.  047 

+0.004 

0  3— 

4 

— 0. 056 

0. 000 

—0. 167 

+0.002 

—0.  047 

— 0.004 

I  3_ 

s 

+0.013 

0.  coo 

+0.051 

— 0. 006 

+0.013 

— 0. 001 

—I  3— 

4 

0.  OCX) 

+0.051 

+0. 007 

+0.  191 

0.  000 

+0. 027 

0  3— 

5 

0. 000 

— 0. 051 

— 0.  013 

— 0.  186 

— 0.  001 

— 0. 026 

I  3— 

6 

0.00 

+0.  02 

0.00 

+0.  06 

-I  4+ 

I 

-\-o»  001 

 004 

— [-0. 001 

—0.  003 

0  4 

0 

— U.  UU  j 

+0.006 

I  4— 

I 

-|-o.  022 

+0.  059 

— 040 

—0.005 

+0. 002 

—I  4 

0 

-|-o.  0187 

— 0.  0042 

— 0.  0006 

+0. 0005 

0  4— 

I 

4-0. 0188 

 0.  005 1 

— 0.0004 

— 0. 0004 

— 0. 0100 

— 0. 0025 

— 0.0013 

I  4- 

2 

— 0.  0001 

-l-O  OCiCtA 

+0.  0006 

+0. 0002 

— 0.  0829 

+0.0173 

+0.0041 

+0.0010 

—I  4— 

I 

 0^  0007 

-Lrt  f\nftA 

— 0.  0006 

+0. 0005 

— — 0.  01 28 

-j-O.  tKJ/o 

— 0. 0025 

+0. 0342 

0  4— 

2 

-\-o,  0009 

+0.  0040 

— O.OOIO 

+0. 0062 

J-n  non'3 

— 0.0018 

+0. 0066 

I  4— 

3 

— 0. 0018 

_Lo  ooa8 

+0. 0007 

+0. 0083 

— 0.  0073 

+0. 0052 

— 0.0442 

—I  4— 

2 

-|-o.  0190 

— 0.  005 1 

— 0. 0003 

+0.0015 

— 0.  0532 

— 0. 0032 

+0. 0322 

0  4— 

3 

— 0.  03 1 

+0. 008 

0.000 

—0.003 

089 

+0. 049 

+0.006 

— 0. 025 

I  4— 

4 

-4-0.  Old. 

— 0.  001 

+0. 002 

+0.001 

-Lr»  Cfyy 
-TO.  J 

— HJ.  01  j 

+0.  002 

+0.006 

—I  4— 

3 

+0.018 

— 0. 012 

— 0. 015 

+0. 019 

+0. 069 

—0.031 

— 0. 067 

+0.083 

0  4— 

4 

—0. 030 

+0. 020 

+0. 021 

— 0. 023 

— 0. 070 

+0.  032 

+0. 061 

— 0. 078 

I  4— 

s 

+0, 003 

— 0. 004 

— 0. 005 

+0. 006 

+0.  014 

— 0. 006 

— 0. 018 

+0. 020 

—I  4— 

4 

+0. 008 

+0. 030 

+0.  031 

4-0. 130 

+0.004 

+0. 031 

0  4— 

5 

— 0. 005 

—0.030 

— 0.  032 

— 0. 126 

— 0. 005 

— 0.030 

I  4— 

6 

+0.  014 

+0. 037 

— 0. 001 

+0. 004 

—I  4— 

5 

—0.033 

+0.006 

— 0.  132 

+0. 030 

— 0.  017 

+0. 004 

0  4— 

6 

+0.04 

— 0. 01 

+0. 13 

—0.03 

— 0. 02 

0.00 

I  4— 

7 

— 0. 03 

+0.01 

-I  5 

0 

—0.  0003 

0  5- 

I 

1  0027 

-|-o.  0009 

— ^.OOOo 

I  5- 

2 

— f-U.  UUU2^2 

— 0.000045 

+0. 000058 

— 0.  OOIOI8 

+0.000577 

— 0. 000465 

+0. 000250 

-I  5- 

I 

—J— (J.  (Ji^U2y 

+0-  034550 

— 0. 000364 

— 0. 000530 

— 0. 00485 1 

— 0. 001226 

— 0. 000659 

—a.  002451 

0  5— 

2 

-^(j.  umju259 

+0. 0004065 

+0. 0004938 

+0.  0026506 

— 0.  001 1941 

+0. 0003514 

+0. 0007744 

I  5- 

3 

-f-o.  014445 

+0.034941 

—0. 000250 

— 0.000091 

+0, 000247 

+0. 003908 

+0. 000777 

+0.001324 

-I  5- 

2^ 

— 0. 000892 

— 0.  004138 

—0. 004603 

+0. 000805 

+0.046018 

— 0. 037480 

—0. 039562 

+0. 0061;  78 

0  5^ 

3 

— 0. 0109 

+0.  0068 

— 0.0019 

— 0. 0004 

—0.0352 

+0. 0335 

+0. 0194 

--0.0039 

I  5- 

4 

— 0. 0034 

— 0. 0023 

+0. 0059 

— 0. 0007 

—0.0015 

—0.0100 

+0.  0175 

— O.OOIO 

_i  5_ 

3 

+0. 009 

+0.031 

— 0. 002 

— 0. 002 

+0. 071 

+0. 071 

—0. 029 

+0.016 

0  5- 

4 

—0.013 

—0.045 

— 0.001 

+0. 002 

— 0. 072 

— 0. 070 

+0.033 

— 0.016 

I  5- 

5 

-|-o.  004 

+0. 016 

+0.  020 

+0. 023 

— 0. 007 

+0.001 

—I  5- 

4 

+0.018 

+0.018 

— 0. 024 

— 0.016 

+0.  046 

+0. 054 

— 0. 067 

-0.033 

0  5- 

5 

— 0. 027 

— 0. 024 

+0.033 

+0.018 

—0.047 

—0.057 

+0. 066 

+0. 030 

25  AST  17 
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Arg= 

Andjer 

B(v  — o)  +  Xo 

u(v - 

—  c') 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

X 

I 

i'  i 
5-6 

// 

+0.016 

// 

+0.010 

// 

— 0. 007 

// 

— 0.004 

// 

+0.002 

// 

+0.009 

It 

— 0.019 

— 0.  010 

— I 

5-  5 

— 0.  019 

+0. 007 

— 0. 088 

+0. 047 

—0. 020 

+0. 007 

0 

5-  6 

4-0. 021 

— 0. 010 

+0. 086 

—0. 047 

+0.  020 

 0.  007 

I 

5-  7 

— 0. 02 

+0.01 

—I 

5-  6 

— 0.  01 

— 0. 03 

— 0.04 

—0.09 

0 

5-  7 
5-8 

+0.01 

+0.03 

+0.04 
— 0. 01 

+0.08 
— 0.02 

I 

6—  2 

— 0. 0002 

— 0. 0006 

— I 

6-  I 

+0, 0036 

+0. 0023 

— 0. 0098 

—o.  0057 

— 0.  0002 

— -o.  0001 

0 

6—  2 

+0. 0002 

0.0000 

+0. 0005 

— 0.0004 

I 

6-3 

+0.  0032 

+0. 0027 

+0. 0079 

+0. 0074 

— -o.  0003 

—I 

6—  2 

— 0.  0001 

— 0. 0007 

+0. 0006 

— 0.0004 

+0.0757 

—0.0735 

,  j    Q  QQ25 

0 

6-  3 

— 0.  0167 

+0.0124 

— 0.0009 

+0. 0006 

— 0.0412 

+0. 0468 

— 0.  0024 

—  0.  0070 

I 

6-4 

— 0.  oi6o  , 

+0.01 15 

+0.0007 

— 0. 0005 

— 0. 0236 

+0. 0056 

-|-o.  0025 

— {-o.  0046 

— I 

^  3 

+0. 0061 

+0. 0093 

— 0. 0031 

— 0. 0070 

+0.0857 

+0. 1768 

'  0. 0430 

0 

6-4 

— 0.009 

—0. 017 

+0. 003 

+0.004 

—0. 082 

— 0. 167 

+0. 040 

+0.  116 

I 

6-  5 

— 0.001 

— 0.004 

+0. 021 

+0. 044 

— 0.  01 1 

— -o.  028 

—  I 

6-4 

— 0. 027 

+0.013 

— 0. 002 

— 0. 002 

— 0.030 

+0.017 

— 0.  027 

—0. 024 

0 

6-  5 

+0.034 

—0. 017 

+0. 007 

— 0. 002 

+0. 030 

— 0.080 

+0. 027 

+0.  029 

I 

6—  6 

— 0. 008 

+0. 006 

— 0.018 

+0.018 

0.000 

— 0. 006 

—I 

^  5 

— 0. 01 1 

+0.018 

+0.008 

— 0. 021 

—0.033 

+0.044 

+0.  01 1 

 0. 049 

0 

6—  6 

+0. 007 

— 0. 017 

— 0. 008 

+0.022 

+0. 034 

— 0. 044 

+0. 048 

I 

6-  7 

— 0. 01 

+0.01 

0. 00 

—0.  01 

—I 

6—  6 

— 0. 01 

0.00 

— 0. 04 

— 0. 05 

0 

6-  7 

+0.01 

0.00 

+0.04 

+0.05 

—I 

7 —  I 

— 0. 0023 

+0. 0003 

0 

7—  2 

+0.0004 

+0.0001 

I 

7—  3 

+0. 00065 

+0. 00029 

+0. 00257 

+0. 00138 

 U.  UUUJ/ 

— I 

7 —  2 

+0. 00006 

— 0.00012 

— 0. 00006 

— 0. 00026 

— 0. 01954 

— 0. 06615 

0 

7—  3 

+0. 00427 

+0. 00898 

+0. 00002 

+0.  00028 

+0. 02252 

+0. 04730 

I 

7—  4 

— 0.  OIOI 

— 0. 0043 

+0. 0001 

— 0. 0001 

— 0. 0268 

— 0. 0119 

—  I 

7—  3 

+0. 1 01 5 

+0.0949 

— 0. 0004 

+0. 001 1 

+0,  5323 

+0.4937 

— 0. 0083 

— 0. 0035 

0 

7—  4 

— 0. 1906 

—0. 1775 

— 0.0002 

— 0.0019 

— 0.  5002 

— -0. 4658 

_LO  00'2Q 
-f-u.  wjy 

I 

7-  5 

+0. 076 

+0.073 

+0. 139 

+0. 125 

— 0.  003 

— j-o.  001 

7—  4 

— 0. 017 

+0.018 

+0. 014 

— 0. 007 

—0.  135 

+0.  120 

+0.  094 

•— 0.  061 

0 

7-  5 

+0.018 

— 0. 036 

— 0. 019 

+0. 008 

+0. 1 1 1 

—0. 133 

+0. 062 

I 

7—  6 

— 0.001 

+0. 016 

+0. 005 

— 0. 002 

—0. 027 

+0. 040 

+0  026 

 018 

7-  5 

— 0. 016 

— 0.015 

— 0. 002 

— 0. 002 

— 0. 063 

— 0.  on 

+0.  016 

— 0. 025 

0 

7—  6 

+0. 020 

+0. 024 

-1  0. 003 

+0.  CIO 

+0. 068 

+0.014 

— 0. 020 

+0. 026 

I 

7—  7 

— 0. 017 

— 0. 010 

—  I 

7—  6 

-^.017 

— 0. 002 

+0.016 

+0. 003 

— 0. 039 

— 0. 016 

+0. 034 

+0. 005 

0 

7-  7 

+0.03 

0.00 

+0. 03 

+0. 02 

— 0. 03 

— 0. 01 

7-  7 

+0. 02 

—0.03 

0 

7—  8 

— 0. 01 

+0. 03 
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Arg= 

AnSz 

B(v- 

o)  +  Xo 

—  0') 

sin. 

COS. 

sin. 

COS. 

sin. 

00s* 

sin. 

COS, 

K 

// 

// 

// 

// 

 1 

8—  2 

—0,0127 

— 0.0138 

8— 

+0. 00141 

+0.  CO  1 34 

+0. 00006 

+0. 00008 

+0.01082  — 

+0. 00974 

+0.00005 

+0. 00006 

1 

8   4 

— 0. 0022 

—0.0001 

— 0. 0082 

— 0. 0004 

— 0. 0001 

— 0.0001 

 I 

s   1 

0  J 

-|-o.  0290 

+0. 0069 

+0. 0003 

0.0000 

+0.  2220 

+0. 0517 

—0.0004 

+0. 0003 

Q 

— 0. 0522 

— 0.0139 

— 0. 0003 

— 0.  0002 

— 0. 2024 

— 0.  0?IQ 

+0.  0001 

— 0.0001 

I 

8-  S 

+0. 0232 

— 0. 0001 

+0.  o^cu 

 0.  0010 

0.0000 

+0. 0005 

—  I 

8-4 

— 0. 0982 

+0. 1620 

+0.0007 

—0.  0020 

— 0.  3806 

+0. 

+0.0064 

—0.0158 

0 

8—  S 

+0.  139 

— 0. 232 

— 0.001 

+0.003 

+o-  359 

— 0.  612 

— 0.008 

+0.019 

I 

8—  6 

-0.053 

+0.090 

— 0. 099 

+0.  178 

0.000 

— 0. 006 

— I 

8—  q 

— 0. 024 

— 0.  on 

+0.01 1 

+0.014 

—0. 121 

— 0.  067 

+0. 063 

+0. 063 

0 

8—  6 

+o-  037 

+0,003 

— 0.013 

— 0. 016 

+0. 124 

+0.  045 

— 0. 004 

— 0.  00 1 

I 

8—  7 

— 0.  OI2 

+0. 004 

— 0.040 

— 0.  007 

+0.016 

+0.018 

— I 

8—  6 

+0.001 

— 0.  OIO 

+0.008 

— 0. 003 

— 0. 003 

— 0.  048 

+0. 023 

+0. 006 

0 

8—  7 

— 0. 002 

+0. 013 

— 0. 008 

+0. 004 

+0, 002 

+0.048 

— 0.019 

— O.OIl 

I 

8—  8 

0.00 

— 0. 01 

— I 

8—  7 

— O.OI 

— 0.  02 

0.00 

+0. 01 

0.00 

+0. 02 

0 

8—  8 

0.00 

+0.  02 

- 

0.00 

— O.OI 

— I 

0 —  2 

— 0. 0030 

— 0,0013 

0 

+0. 0023 

+0.  0000 

I 

—0.0003 

+0. 0001 

— 0. 0013 

+  0.0006 

—  I 

+0. 0043 

— 0. 0014 

+0. 0436 

 0.  0142 

— 0.0001 

0.0000 

0 

—0. 00774 

+0. 00210 

— 0. 00008 

+0. 00010 

— 0. 03947 

+  0.    01   I  14 

—0.00009 

+0.00004 

I 

9-  5 

+0. 0027 

— 0. 0027 

+0. 0091 

 0.  0091 

— I 

9—  4 

— 0. 0028 

+0. 0555 

—0.0001 

—0.0001 

— 0. 01 12 

+  0.  2873 

— 0. 0008 

— 0. 0029 

0 

+0. 005 

— 0. 079 

+0.013 

— 0.  269 

+0.001 

+0.001 

I 

9—  6 

-f-0.004 

+0. 031 

+0.009 

+0.080 

— 0. 001 

— 0. 002 

—  I 

— 0. 169 

— 0. 058 

+0.006 

+0. 002 

— 0.  ZQK 

— 0.  202 

+0.  023 

+0.004 

0 

0—  6 

-|-o.  217 

+0. 073 

— 0. 006 

— 0. 002 

+0.  574 

+0.  188 

— 0.  020 

— 0. 007 

I 

Q —  7 

— 0. 081 

— 0. 026 

— 0. 1 70 

— 0.  0^4. 

+0. 010 

+0.001 

— I 

Q—  6 

—0.003 

— 0. 017 

— 0. 009 

+0.  012 

+0, 01 7 

— 0.  OQ2 

—0.  037 

+0.060 

0 

0   7 

y  / 

+0.013 

+0. 025 

+0.010 

—0.013 

+0. 006 

-4-0.  oq6 

+0. 033 

— 0. 058 

Q—  8 

— 0. 007 

— 0.008 

— 0. 008 

— 0. 029 

— O.OI  I 

+0. 015 

—  I 

0 —  7 

y  / 

+0. 002 

— 0. 007 

+0. 028 

— 0. 008 

— 0. 004 

+0.009 

0 

9-8 

0.00 

+0.  01 

— 0. 03 

+0. 01 

+0.01 

0.00 

— I 

10--  3 

+0. 00035 

— 0. 00041 

+0,00491 

— 0. 00586 

+0. 00002 

— 0. 00002 

0 

10 —  4 

— 0.  0007234 

+0. 0007572 

— 0. 0000064 

+0.  0000076 

— 0. 0045060 

+0.0047523 

— 0. 0000156 

+0. 0000140 

I 

10-  5 

— 0. 00001 

— 0. 00050 

+0.0001 1 

— 0. 00230 

+0.00001 

—0.00001 

— I 

10 —  4 

+0. 00504 

+0. 00965 

0. 00000 

+0. 03203 

+0. 06083 

 0  00022 

 0.  00014 

0 

10-  5 

—0. 0065 

—0.0133 

—0. 0274 

—0.  0567 

+0.0001 

0. 0000 

I 

10 —  6 

+0. 004 

+0.004 

+0.013 

+0.013 

— I 

10-  5 

— 0.067 

+0.010 

+0.001 

0.000 

— 0. 286 

+0.047 

+0.004 

— 0. 001 

0 

10 —  6 

+0. 085 

— 0.  012 

+0. 274 

— 0.041 

— 0.  003 

0.000 

I 

10 — .  7 

— 0. 031 

+0.009 

—0. 081 

+0, 023 

—I 

lo-  6 

+0.017 

— 0.  142 

—0. 001 

+0.006 

+0. 053 

— 0. 476 

— 0.  002 

+0.021 

26o 
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Arg= 

Andz 

B(v  — c)  +  Xo 

-0') 

sin. 

COS. 

SID. 

COS. 

sin. 

COS. 

sin. 

COS. 

H      t'  • 

// 

// 

It 

// 

// 

// 

// 

0   lo—  7 

—0.018 

+0. 175 

0.000 

— 0. 007 

— 0. 039 

+0. 462 

+0. 003 

— 0.  020 

I    lo—  8 

-fo.  006 

— 0. 059 

+0. 01 1 

—0. 138 

0. 000 

+0. 009 

— I  lo —  7 

-|-o.  007 

— 0. 006 

— 0.010 

— 0. 005 

+0.060 

—0. 015 

—0.045 

—0.015 

0  10 —  8 

—0.010 

+0. 016 

+0.01 1 

+0.005 

— 0. 060 

+0. 034 

+0. 038 

+0.017 

I  10 —  9 

0. 00 

— 0. 01 

+0.01 

—0. 01 

—0. 01 

0.00 

0  lo —  9 

0.00 

— 0.  02 

o    II—  4 

— 0. 0002 

+0. 0009 

—I    II—  4 

+0. 0014 

+0.0009 

+0.0109 

+0. 0068 

+0. 0001 

0.0000 

o   n-  5 

—0.0019 

— 0. 0013 

— 0. 0097 

— 0. 0065 

+0. 0002 

0.  0000 

I    II—  6 

+0.0010 

+0. 0002 

+0. 0037 

+0.0004 

-I    II-  5 

— 0.0123 

+0. 0096 

— 0. 0632 

+0. 0500 

+0. 0003 

— 0. 0003 

o   II—  6 

-|-o.  016 

— 0.011 

+0.060 

— 0.046 

—0.001 

+0. 001 

I    II—  7 

— o»  005 

+0. 006 

+0. 018 

-I    II-  6 

— 0. 023 

— 0. 063 

— 0. 093 

— 0.  241 

+0. 002 

+0. 004 

o    II —  7 

+0. 028 

-f  0.073 

+0.  086 

+0. 232 

— 0. 002 

— 0. 004 

I    II—  8 

— 0.012 

—0. 026 

— 0. 034 

— 0. 068 

-I    II—  7 

-fo.  106 

— 0.  on 

— 0. 006 

0.000 

-fo.  338 

— 0. 038 

—0. 019 

+0. 002 

o    II-  8 

— 0. 124 

+0.016 

— 0. 327 

+0. 046 

+0. 025 

— 0. 003 

I    II—  9 

-fo.04 

— 0.  OI 

+0. 10 

—O.OI 

—I    II—  8 

-•f-O.  01 

— O.OI 

+0. 02 

+0,04 

0.00 

—0.03 

o   II—  9 

— 0. 02 

0.00 

— 0. 03 

— 0. 03 

0.00 

+0.03 

O    12—  5 

— 0. 00032 

— 0. 00002 

— 0. 00192 

— 0. 00008 

— 0.00001 

0.00000 

-I     12-  5 

— O.OOII 

+0. 0029 

— 0. 0070 

+0. 01 7 1 

O     12—  6 

+0,0014 

—0. 0033 

+0. 0062 

— 0. 0141 

I     12 —  7 

0.000 

+0. 005 

-I     12-  6 

— 0.  on 

— 0. 012 

— 0. 062 

— 0. 054 

+0. 002 

— 0.001 

O     12—  7 

+0.017 

+0. 014 

+0.059 

+0. 052 

I     12—  8 

— 0, 008 

—0.004 

— 0,020 

— 0.012 

_I     12—  7 

+0. 047 

—0.031 

+0. 176 

—0. 113 

— 0. 003 

+0. 002 

O     12—  8 

-o.oss 

-f  0.03s 

— 0. 171 

+0, 109 

+0, 007 

— 0. 004 

I  12 —  9 

+0.019 

— 0. 014 

+0,047 

—0. 034 

—I     12—  8 

+0. 024 

+0.071 

+0. 078 

+0.218 

— 0. 006 

— 0. 018 

O    12—  9 

— 0. 03 

— 0. 08 

— 0. 07 

— 0.  20 

+0. 01 

+0.02 

I  12—10 

+0.01 

+0.  02 

+0.  02 

+0.05 
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Arg= 

Ho 

u 

COS  { 

cos  i 

^coiT 

sin. 

COS. 

sin. 

cos. 

sin. 

COS. 

sin. 

COS. 

H     i'  i 
000 

— I     0  0 

// 

-|-o.  0008224 

// 

-|-0.  00002 191 

— 0.0002701 

// 

—0.0000073 

+0,00000013 
+0.0000180 

// 

—0.0000001 

it 

—0.00000016 
— 0,0000005 

// 

—0.0000052 

// 

—0.00000005 
+0.0000315 

0  0 —  1 

— 0. 0020 

+0.0004 

-I  i-t-i 

-|-o.  0002 

— 0. 0002 

0     I  0 

— 0. 0007 

+0.0003 

I      I—  I 

+0. 0001 

— 0. 0001 

—I      I  0 

-j-O.OOOI 

— 0. 0009 

0     I—  I 

0.0000 

+0. 0010 

I  1—2 

— 0. 0002 

—0.0006 

—I      1 —  I 

-|-o.  0003 

+0. 0006 

0     2 —  I 

— 0. 00003 

+0. 00021 

+0,00001 

+0,00002 

—0,00001 

— 0.00001 

+0.00002 

+0.00002 

— I     2—  I 

— 0.0001 

+0. 0002 

0     2 —  2 

-I-0.00I4 

— 0.0006 

0     3—  I 

0.00000 

+0,00009 

—I     3-  I 

0.0000 

—0.0002 

0  3—2 

— 0, 0002 

+0. 0003 

0    4—  2 

-|-o.  0002 

0.0000 

—I  4—2 

+0. 0008 

—0.0006 

I  5-2 

+0. 000003 

— 0. 000007 

-I     5- 1 

-|-o.  000004 

+0. 000007 

— 0.000023 

— 0.000043 

0    5—  2 

— 0. 0000096 

— 0. 0000005 

—0,0000046 

—0,0000113 

+0,0000072 

+0,0000138 

+0.0000032 

+0.0000050 

I  5-3 

0. 000000 

+0,000001 

-I  5-2 

+0. 000053 

— 0. 000087 

0  7—3 

—0.0001 1 

— 0. 00006 

-I  7-3 

— 0. 0005 

— 0. 0001 

0   10—  4 

—0. 0000002 

— 0. 0000053 

CHAPTER  XI 


CALCULATION  OF  THE  PORTION  OF  ST  FACTORED  BY  nt 

In  determining  the  part  of  6T  having  the  factor  nt  a  degree  of  precision  300 
times  greater  than  that  used  in  deriving  the  part  not  multiplied  by  nt  has  been 
employed.  In  the  following  table  the  factor  nt  has  been  omitted,  and  for  convenience 
all  the  coefficients  have  been  multiplied  by  100000 : 


Andz 

-0) 

-0') 

Arg= 

g 

COB. 

sin. 

COS. 

ein. 

COS. 

sin. 

COS. 

X 

0 

i' 
0 

i 
0 

// 

// 

+  0.4688 

// 

// 

-J-  0.  30^1 

11 

// 

// 

0 — 

+  0.2857 

+  0.  1514 

4-  0.  CCCI 

 0. 7368 

-  0. 142s 

0. 0984 

+ 

0. 2221 

0 

0 

—  4.3819 

—  4.  8170 

—  4. 2330 

—  4.  7314 

+  1S.2806 

+ 

5.6172 

—36. 2745 

13.3821 

0 — 

I 

-  8.4 

3.1 

+18.7 

+ 

6.9 

0 — 

2 

—  4.406 

-  4.83s 

4-  4.  744. 

-  4. 162 

1.536 

+  11.  244 

+ 

4.  181 

0 — 

■4-  1.0 

  0.  I 

-  I.  I 

+ 

0.6 

i  0 

1.8 

0— 

2 

1-0.6 

0.3 

—  2.0 

+ 

I.  2 

0 — 

3 

0.0 

—  0.4 

—  0.  2 

+  0.2 

0. 0 

0. 1 

+  O.I 
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1  + 
1  + 

2 
I 

+  0.1 

—  0.8 

+  0.1 

+  I.I 

—  1.0 

—  0.8 

+ 

0.9 
2.8 

0 

-f  0.21 

—  0.70 

+  0.18 

—  0.98 

-  0.  21 

+ 

0. 08 

+  2,  26 

4. 78 

1  + 

I 

0 

+  2. 89 

+  1.82 

—  7.80 
+  S.08 

—  4.70 
+  3.  14 

-  0.28 

0.  33 

—17.94 

28. 80 

I 

+  2.91 

+  1.66 

+  1.97 

+  I. 01 

+  0.13 

+ 

0.  6s 

+18.03 

28.63 

0 

~  0.  S3 

+  0.33 

-  0.51 

—  0.  14 

+  7.52 

9-44 

—  4.70 

+ 

8.  14 

I 

—  o.is 

—  1.03 

—  0.  18 

—  0.3s 

-  4.39 

+ 

7.94 

+  2.42 

7.01 

2 

-  0.7 

+  0.4 

+  0.9 

+  O.S 

-  1.0 

5.0 

+  I.I 

+ 

4.5 

I 

+  5-4 

-  7.3 

-19. 1 

+126.0 

+16.6 

— 

[lO.O 

2 

+  2.0 

—  2.7 

-  3S 

+  4.8 

+  17.9 

— 

[18.  7 

-IS.  I 

+ 

99.6 

I — 

3 

+  1.9 

-  2.7 

—  1.4 

+  1.9 

-  5- 1 

+ 

32.4 

+  3.6 

22.4 

2 

—  0.3 

+  0.6 

+  1.6 

+ 

2.4 

-  0.S 

0.9 

3 

-  1.0 

7.0 

+  0.3 

+ 

4.8 

4 

+  I 

3 

2 

2 

0 

0.0 

0.  2 

—  0.  I 

0.6 

2+ 
2 

0 

+  0.1 
+  0.90 

-  0.3 

—  0.81 

—  2.2 
+  1. 65 

+  0.8 
—  1.42 

-  1.9 

0.8 

-  5.1 

2.4 

2 — 

+  0. 13 

+  1.72 

+  0.30 

+  0.86 

+  1.71 

+ 

LIS 

+  4.59 

+ 

2.78 

2 — 

0 

+  7-77 

-22.  S3 

+  6.98 

—20. 37 

+  12.73 

14.  54 

+27.71 

24. 59 

0 

3— 

—14.  743 

+42.  S66 

—  8.  649 

+24.918 

-  6.893 

8.672 

-14. 455 

+ 

12. 172 

I 

2— 

2 

-1-  6.00 

—17.48 

+  2.20 

-  5-73 

-  3' 97 

+ 

1.84 

—  8.0s 

+ 

9.01 
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-c) 

Fn'dz' 

G(v' 

At  - 
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sin. 

sin. 
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COS. 

COS. 

cos. 

COS. 

H     i'  i 

// 

// 

// 

// 

// 

// 

// 

// 

—  I       2—  I 

—  1.06 

—  1.06 

—  1 . 00 

—  2.95 

+  13-59 

+  38.64 

— II-  93 

— 22. 98 

O      2—  2 

—  0.4 

4-2.8 

_U   1  fi 

-r 

-r  3.  0 

—  lue 

-  35.4 

-^10. 0 

+21 .  0 

1       2   1 

+ 

—  2.3 

—  1.2 

—  0. 4 

+  5.7~" 

+  8.7 

—  4.8 

—  4.6 

-—I  2—2 

—21.8 

~  9.8 

+19.8 

+  9.0 

-127,5 

+  7.4 

+95-4 

—  5.3 

O  2—3 

+41.0 

+  18.  s 

—24.1 

—10.8 

+121,9 

-  8.5 

-88.9 

+  5.8 

I       2—  4 

— 16.  9 

—  7.7 

+  5-6 

+  2.5 

—  35.2 

+  2.5 

+23.4 

—  1.4 

—I       2—  3 

—  I.  I 

+  0.9 

~  4.6 

+  4.4 

+  2.7 

—  2.7 

0  2—4 

+  4 

0 

+  9 

-  7 

—  6 

+  3 

I      2—  5 

—  4 

+  2 

+  2 

—  I 

— *     3-t-  I 

—  0.  2 

-r  0. 5 

-  0.5 

+  0.1 

  0 

—  u.  0 

+  0.  2 

030 

+  0.1 

—  0.3 

T-  0.  I 

—  0.5 

I     3 —  I 

-|-  0. 12 

+  0.31 

+  0.  13 

+  0. 13 

+  0.65 

+  0.17 

+  0.92 

+  0. 12 

—130 

—  0.  60 

—  5.02 

—  1*75 

—  5. 

—  5.07 

—  11.66 

—  2.  70 

— 12, 19 

0     3 —  I 

+  1.03s 

+  9. 281 

i"  5. 009 

+  5.221 

+  7.980 

-r  3- 302 

+  7-340 

I     3—  2 

—  1.49 

-  3.66 

—  0. 92 

—  I.  23 

—  5.26 

—  1.34 

—  4.  27 

+  0.63 

— I     3 —  I 

+31-64 

+  4.00 

+21.  74 

+  2.54 

+110.  99 

+  77.57 

+07.  33 

+61 . 02 

0     3 —  2 

-45-  75 

-  5.36 

—25,  03 

  ^.  00 

—104. 07 

—  72.  97 

—79. 19 
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'     3 —  3 

+18.0 

+  1.9 

-j-  0.  7 

-Lit 
-f-  I.  I 

+  29.  2 

+  19.3 

i-17. 5 

+  13. 1 

— I     3 —  2 

—  3.3 

—  1.4 

-1-0.5 

—  2.3 

—  39.9 
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-^2o.  0 
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0     3—  3 

+  4.5 

+  1.6 

51  A 

—  3.4 

-1-2.4 

+  33.8 

—  25.9 

 29.  2 

+  15*3 

I     3 —  4 

—  1.4 

+  0.4 

-|-  2,  0 

—  1.4 

~  7.7 

+  10. 1 

+  8.0 

—  5.  3 

-I     3-  3 

+  6.8 

—31.2 

—  4.9 

+21.8 

—  28.4 

—102. 1 

+  19.  I 

+70.1 

0  3—4 

—  9-3 

+44.8 

+  5.5 

—25.0 

+  28.7 

+  97.3 

-18.5 

-65.7 

I     3—  5 

+  4 

—18 

—  I 

+  6 

—  8 

—  29 

+  5 

+  19 

—I     3—  4 

—  2 

—  2 

—  7 

-  5 

+  6 

+  2 

0    3—  S 

+  I 

+  5 

  I 

—  2 

+  9 

+  8 

—  7 

-  5 

I  3-6 

—  3 

—  3 

+  2 

+  I 

I  4 —  I 

+  0.1 

0.0 

— I     4  0 

-  0.5 

—  0.6 

—  0,9 

—  0.  0 

—  2.8 

—    2. 2 

—  1.9 

0    4 —  I 

+  0.7s 

+  1. 14 

+  0.  iss 

+  0.64 

+  2.32 

+  1.57 

+  1.42 

+  1-05 

I     4 —  2 

—  0.57 

—  0.28 

—  0. 29 

—  0. 01 

—   1. 62 

+  0.15 

—  0,  oO 

+  0.40 

— I     4 —  I 

+  8.97 

—  3.21 

+  0.40 

—  3*30 

+  43.91 

+  4.55 

+2S.  44 

+  0.76 

0    4 —  2 

—12.80 

+  4.47 

  7.  19 

1    ^  A^ 

+  3.05 

—  40. 16 

—  5.09 

— 24, 73 

  1 ,  06 

I     4—  3 

+  4.70 

—  2,62 

+  ^•<SI 

—  1.38 

+  11.40 

—    1. 69 

+  5.00 

  I.  72 

— I  4 —  2 

+  1.94 

+30. 08 

+  2.  20 

+17.88 

—  55.09 

+128.  IS 

—34. 49 

+  51.41 

0     4—  3 

—  2.9 

-38.8 

—  2.  0 

—19.9 

+  51.5 

— 122.  7 

+31*5 

—70.  0 

I     4 —  4 

+  1.3 

+14.7 

+    0.  0 

+  0.0 

~  13- 9 

+  36.3 

—  9.  2 

+  19-9 

—I     4—  3 

—  0.  2 

—  7.2 

+    4.  I 

+  7.9 

—  32- 0 

—  30.8 

+23.0 

+25.3 

0     4 —  4 

-I-  0  ^ 

"t-  o.  J 

-^0.7 

—   5.  I 

—  9.3 

+  32.0 
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— 27.  2 

I     4-  s 

—  3 

+  2 

'  +  2 

—  12 

—  6 

+  7 

+  7 

—I     4—  4 

+30 

0 

—19 

—  I 

+  69 

-  37 

-45 

+23 

0    4-  s 

-38 

0 

+21 

0 

—  66 

+  38 

+42 

-23 

I     4-  6 

+14 

0 

—  6 

0 

+  20 

—  II 

—12 

+  6 

—I     4-  5 

—  2 

+  2 

—  8 

—  I 
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0  4—6 

-  5 
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+  9 

+  3 
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+  2 
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// 

// 

// 

// 

tt 

// 

// 
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— I 

5  ° 

0.6 

—  0.  2 

—  0.3 

—  0. 1 

0 

I 

4-  0. 1 

0. 0 

+ 

0.5 

+  0.  I 

+  0.  2 

0.0 

I 

5—  2 

—  0.085 

-l-  0.022 

—  0.034 

+  0.037 

0.  252 

+  0.  160 

—  0.076 

+  0. 133 

—I 

5-  I 

-|-  1.222 

—  1.348 

+  0.721 

—  1.364 

+ 

8.316 

—  3.  769 

+  4. 320 

—  2.  772 

0 

5—  2 

—  1.75368 

+  1.85036 

—  0.  81637 

+  1.45203 

7.55126 

+  3.03722 

-  3-67535 

+  2. 20560 

I 

5—  3 

+  0.  434 

—  0.971 

+  0.076 

—  0.  486 

+ 

1.589 

—  1.963 

+  0.424 

—  I.  100 

— I 

5 —  2 

+  6.034 

+  9-887 

+  4.687 

+  5.942 

+ 

4.9" 

+54. 892 

+  4. 939 
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0 

5—  3 

—  7-7 

— 12.  7 

-  5-  2 

-  6.5 

4.0 
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-  4.3 
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I 

5—  4 

+  3-6 

+  4.3 

+  1.9 

+  1.7 

4- 

4.0 

+15.0 

+  2.5 

+  7.5 

—I 
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—23.9 

+  5.8 

—12.2 

+  5.0 
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0 

5—4 

+28.9 

—  7-4 

+13-2 

-  5.4 
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+  10.4 

I 

5-  S 
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+  3- 1 

—  4.3 

+  1.4 

34.  3 

—  5.  I 

—16.8 

-  3.5 

—I 

5—  4 

0.  7 

—  7.0 

+  5.9 

+ 

18.7 

—18.8 

+24.8 

0 

S—  5 

—  II 

+  3 

+  8 

—  7 

14 

+32 

+21 

—22 

I 

S—  6 

+  3 

—  I 

—  2 

+  2 

+ 

I 

—  II 

-  5 

+  7 

— I 

S™  5 

4-  1 

—  3 

—14 

+ 

35 

—21 

—26 

0 

S—  6 

—  7 

-28 

+  3 

+15 

— 

36 

— 39 

+22 

+25 

I 

5—  7 

+  2 

+10 

—  I 

-  5 

+ 

II 

+" 

-  7 

-  7 

—I 

S—  6 

+  3 

+  I 

+ 

8 

+  I 

-  5 

0 

0 
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—  3 

—  4 

8 

—  3 

+  5 

+  I 

—I 

6—  I 

+  0.03 

—  0,  29 

—  0.07 

—  0. 29 

+ 
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—  I.  24 
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0 

6 —  2 
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— 

0. 80 
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I 

6-  3 
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0.02 
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—  0.  II 

-  0.15 

—  I 
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+  2.34 
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+ 

7.  62 

-|-ii.  08 

+  4.68 

+  5.18 

0 

6-  3 
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—  1.76 

-  1.9s 

—  0.74 

0.  oO 
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—  4.05 

—  4.76 

I 

6-4 

+  1-3 

+  0-3 

+  0.7 
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+ 
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+  1.7 
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+  7-8 

—  4.4 

+  5.1 
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—27.7 
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0 
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—  9-5 

+  5.0 

-  5.9 

+ 

51.3 

—15.  I 

+26.3 

-  9.2 

I 

6-  S 

—  3-2 

+  4.0 

—  1.4 

+  1.9 

14.6 

+  6.7 

_  6.9 

+  4.1 

—I 

6-4 

—  7.2 

—17. 1 

-  5-5 

-6.7 

I.  I 

—93-3 

—  1.6 

—43.3 

0 

6-  5 

-1-  8  7 
-J-  0.  / 

4-IO.  8 

+  6.2 

+  7.1 

+ 

2.8 

-l-Sa  Q 
-|-oy.  y 

+  2.5 

+41-6 

I 

6-  6 

—  6 

—  I 

—  3 

2 

— 27 

—  I 

— 12 

— 1 

6-  5 

-U  f 

7 

-  S 

-  5 

+ 

28 

—24 

—II 

0 

6—  6 

—  s 

+  5 

+  6 

26 

—  5 

+23 

+  12 

I 

6 —  7 

+  3 

+  4 

—  2 

—  2 

+ 

8 

+  I 

—  7 

—  3 

— I 

-15 

+  7 

+  9 

—  4 

21 

+30 

+14 

—17 

0 

6—  7 

+  18 

-  9 

—  9 

+  5 

+ 

20 

—29 

—12 

+  17 

1 

6-  8 

—  6 

+  4 

6 

+  9 

—  c 

— I 

7-  I 

0.0 

—  0.  2 

0 

7-  2 

0. 02 

+  0.17 

I 

7-  3 

—  0.02 

—  0.02 

0. 05 

—  0.05 

—  0.03 

—  O.OI 

—I 

7—  2 

+  0.49 

+  O.OI 

+  0.37 

—  0.09 

+ 

2.  32 

-|-  I.  10 

-|-  1. 21 

+  0-33 

0 

7-  3 

—  0. 620 

—  0.032 

—  0-  395 

+  0.082 

2. 084 

—  1.094 

—  1.039 

—  0.310 

I 

7—  4 

+  0.25 

—  0,09 

+  0. 10 

—  0.09 

+ 

0.  76 

+  O.OI 

+  0.33 

—  0.  II 

—I 

7-  3 

—  1.03 

+  2.99 

—  0.38 

+  2.01 

11.08 

+  1125 

—  4.80 

+  6. 14 

0 

7-  4 

+  I.I 

-  3.6 

-|-  0.  2 

—  2.3 

+ 
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-10.5 

+  4.5 

-  5.6 

I 

7-  S 

—  0.  2 

+  i.s 

+  0.1 

+  0.7 
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+  3.7 

-  0.7 

+  2.0 
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Sin. 
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COS. 
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—  I 

7   A 

—  8,2 

-  5-9 
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—  7-0 
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4-5 
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+  9 
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+  0.1 

—  4.2 

-  1.7 

—  2.  I 

—  0.  5 

— I 

8—  ? 

+  2.8 

-  7.4 

4-1.4 

— 4.  4 

+31-2 

—26.8 

+  14.  I 

—  13.2 

0 

8—  6 

-  31 

+  8.4 

—  I.  ^ 

4-4. 6 

—29.5 

+25.6 

—  12.5 

+12. 7 

I 

8-  7 

+  I 

—  3 

+  8 

—  8 

+  4 

-  5 

—I 

8-  6 

+  5 

+  7 

+3 

+3 

+20 

+43 

+  8 

+14 

0 

8-7 

—  7 

—  9 

—4 

— 2 

—21 

—41 

—10 

—19 

I 

8—  8 

+  2 

+  I 

+  8 

+13 

+  3 

+  5 

8—  7 

—  7 

—  3 

4-A 

4-2 

—14 

+  3 

4-14 

4-  I 

0 

0—  0 

+  g 

—5 

— 2 

4-14 

—  4 

— 14 

^~  I 

I 

8 —  9 

Q 

0 

9—  3 

—  0.04 

+  0.03 

—I 

9—  3 

+  0.08 

+  0.09 

+0.08 

+0.04 

+  0.17 

+  0.61 

+  0-13 

+  0.25 

0 

9—  4 

—  0. 10 

—  0.  II 

—0.08 

— 0. 05 

—  0. 13 

—  0.56 

—  0.  12 

—  0.23 

I 

9-  5 

+  0-13 

+     0.  14 

+  0.07 

+  0.04 

—I 

9—  4 

—  0.  70 

+  0-32 

— 0.41 

-f  0.  30 

—  3- 91 

  0.  26 

—  1.82 

+  0.15 

0 

9—  5 

+  0.8 

—  0.4 

+0.5 

— 0. 3 

+  3.6 

+  0.  2 

+ 

—  0.2 

I 

9--  6 

—  1. 1 

+  0-3 

—  0.4 

+  0-3 

— I 

9—  5 

—  0.3 

—  2.9 

— 0.4 

—1.7 

+  5.4 

—13-9 

+  2.0 

—  7.0 

0 

9 —  6 

+  0.4 

+  3.3 

+0.4 

+  1.8 

—  4.9 

+12.9 

~  1.6 

+  6.2 

I 

9—  7 

0 

—  5 

0 

—  2 

— I 

9 —  6 

+  6 

+  I 

+3 

+  1 

+26 

+20 

+  11 

+  8 

0 

Q —  7 

—  7 

—  I 

 1 

5 

Q 

-25 

—  19 

— II 

—  7 

I 

9-8 

+  7 

+  4 

+  4 

+  2 

—I 

9-  7 

-  5 

+  4 

—  I 

+3 

-25 

-|-20 

—  6 

+  6 

0 

9—  8 

+  I 

—  5  ' 

+24 

— 21 

+  6 

—  7 

I 

9—  9 

-  5 

+  5 

—  3 

+  3 

— I 

9—  S 

+  2 

—  5 

-  5 

—12 

+  2 

+  7 

0 

9-  9 

—  I 

+  7 

+  5 

+  8 

—  2 

—  7 
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Arg= 

An6z 

—  c) 

Fn'dz' 

—  cO 

sin* 

COB. 

sin. 

COS. 

ain. 

COS. 

Bin, 

COS. 

X     %  1 

—I    lo—  3 

-l-O.  OIO 

4-0. 

// 

+0.016 

// 

— 0.001 

j_  0  074 

_L  0.  07 1 

;/ 

+0.  039 

// 

+0. 023 

o    10—  4 

— 0. 02068 

— 0. 00889 

— 0.01523 

— 0.  00131 

—  0. 06526 

—  0.07065 

—0.  03376 

— 0. 02171 

I    lo—  5 

-|-o.  010 

— 0. 002 

-|-o.  005 

—0.003 

-1-  0.  OH 

+  0.  007 

+0.  012 

— 0. 005 

—  I  10 —  4 

— 0,  oq8 

-f  0. 120 

—0. 048 

+0.093 

—  0.  727 

—0.  280 

+0. 205 

0    lo—  5 

+0.  I 

— 0.  I 

+  0.6 

—  0.  ^ 

+0.  2 

—0.  2 

I    lo—  6 

—  0.  2 

4-  0,  2 

-I    lo-  5 

— 0. 5 

—0.6 

-0.4 

--0.3 

—  0.6 

J'  / 

— 0.  6 

—1.6 

0    10—  6 

-|-o.  7 

+  0.5 

+0.5 

+I.S 

I    lo—  7 

-~  0.4 

—  1. 1 

—  I    10—  6 

+2.3 

-0.8 

+  1.3 

—0.6 

+12.3 

+ 1.9 

+5.7 

+0.3 

o   lo—  7 

—3 

— I 

+1 

— II 

—  2 

—6 

— I 

I     ID—  8 

+  4 

0 

+1 

0 

—I    lo—  7 

0 

+4 

0 

—  10 

+22 

-3 

+9 

o   10—  8 

—I 

—4 

+  10 

—22 

+4 

-9 

I    lo—  9 

—  2 

+  6 

—I 

+3 

—I    10—  8 

-17 

—14 

—4 

+  1 

o   10—  9 

+  17 

+  14 

+4 

+  1 

—I    II—  4 

 0, 07 

+  0.  1 1 

— 0.  01 

+0. 05 

0   II—  5 

-1-  0. 07 

—  0. 10 

—I    II-  5 

— 0. 1 

— 0. 1 

  0.  2 

—0.3 

— 0.  2 

o   II—  6 

+  0.  i; 

4-  0.  7 

+0-3 

+0.  2 

—I    II—  6 

+O.S 

-0.5 

+  3-3 

—  I.  2 

+  1-3 

-0.8 

o   II—  7 

—  3-2 

+  1.1 

-1.4 

+0.7 

I    II—  8 

+  I 

—  I 

—  I    11—  7 

+1 

0 

+  9 

0 

+5 

o   II—  8 

— 2 

—I 

0 

—  9 

0 

—4 

I    II—  9 

0 

+  3 

—I    II—  8 

—3 

+1 

—  16 

—  4 

—8 

—  I 

0   11—  9 

+  16 

+  4 

+8 

+  1 

O    II — 10 

-  5 

+  12 

— I 

+5 

0    12—  5 

— 0,  OOI 

— 0.  ooK 

+  0. 001 

  020 

— 0. 002 

—0. 007 

—  I     12—  5 

-  0.15 

  0.06 

— 0.06 

0. 00 

—  I      12—  6 

+  0.6 

—  0.6 

+0. 2 

—0.3 

O     12—  7 

—  0.6 

+  0.6 

+  1.6 

+  2.6 

-j-I.  I 

O     12  -  8 

—  2 

—  3 

—  I 

—  I 

—I     12—  8 

—  7 

+  2 

—3 

+  1 

O     12—  9 

+  7 

—  2 

+3 

— I 

—  I     12—  9 

0 

—10 

— I 

-5 

O  12—10 

0 

+  9 

0 

+5 
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u 

COS  i 

COS  t 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

X 

i'  i 

// 

// 

// 

if 

// 

// 

// 

// 

0 

0  0 

+0. 001 1 

+0. 1387 

-0.1387 

Q  1 

0.  OCXX) 

— 0.0012 

— 0. 0003 

—0. 1848 

— 0.0001  - 

-+^.  1850 

— 0. 0079 

+0. 0005 

_J 

0  0 

-fO.OOII 

+0.0051 

+0. 0479 

+0. 0077 

— 0. 0021 

—0.0169 

+0. 1239 

— 0. 0250 

I 

0—  2 

-f-O.OOI 

+0.005 

0.  000 

— 0.  007 

— 0.  024 

 022 

— 1 

1+  I 

+0. 05 

+0.09 

I   I 

— 0. 02 

— 0. 03 

—O.OI 

—0. 04 

—I 

I —  0 

+0.01 

+0.07 

+0.  10 

— 0. 02 

—0. 13 

+0.  02 

+0.07 

— 0. 03 

0 

I—  I 

—0. 03 

— 0. 14 

—0. 18 

+0.03 

+0.19 

—0.04 

— 0. 04 

+0.01 

I 

I—  2 

+0.1 

— 0.  I 

— 0.  I 

0.  0 

0. 0 

+0.1 

I —  2 

-0.7 

-0.5 

—I 

2+  I 

+0.3 

+0.1 

+0.4 

+0.  2 

0 

2  0 

—0. 13 

— 0. 05 

+0.13 

+0.05 

I 

2—  I 

— 0. 07 

— 0.  02 

— 0.09 

— 0. 03 

— 0. 42 

— 0.  16 

—I 

2  0 

4-0.05 

— O.OI 

0.00 

— 0. 03 

— 0.  08 

— 0. 07 

0 

2 —  I 

— 0.  Ill 

+0. 020 

— 0.018 

+0. 031 

+0. 025 

— 0. 037 

+0.033 

+0. 046 

2 —  2 

+0.07 

— 0.  02 

+0.03 

— 0.  02 

+0.  06 

—0.04 

2 —  I 

— 0.  45 

+0.19 

— O.OI 

— 0. 03 

— 0. 05 

— 0.  12 

+0.  21 

+0.46 

0 

2 —  2 

+0.9 

—0.4 

— 0.  1 

— 0.3 

— 0.  2 

-0.5 

2—  3 

—0.4 

+0.  2 

I 

3—  I 

— 0.  10 

+0. 01 

—I 

3  0 

— 0.04 

+0. 24 

+0. 01 

— 0.  06 

—0.08 

+0.53 

0 

3—  I 

— 0. 018 

+0. 013 

+0.  022 

— 0. 170 

— O.OIl 

+0. 085 

+0.039 

— 0.  224 

I 

3—  2 

+0.  01 

— 0. 05 

+0.  02 

— 0.  20 

•—I 

— 0.  06 

+0.09 

+0.  02 

— 0. 02 

— 0.  02 

— 0.  02 

+0.  12 

0. 00 

0 

3—  2 

+0.11 

—0. 18 

— 0.06 

+0.  02 

— I 

3—  2 

— 0.  2 

— 0-3 

+0. 1 

0.  0 

— 0.4 

+0. 4 

0 

3—  3 

+0.4 

+0.5 

— 0.4 

—I 

4—  0 

+0.1 

+0.1 

0 

4—  I 

—0.02 

— 0. 05 

— 0.  02 

— 0.06 

I 

A—  2 

— 0.  02 

— 0.06 

4—  I 

— 0. 20 

+0.02 

+0.04 

0.00 

— 0. 46 

+0.  02 

0 

4 —  2 

0. 00 

— 0.04 

+0.15 

— 0. 01 

— 0. 05 

0. 00 

+0.  29 

—0. 01 

—I 

4—  2 

— 0.09 

— 0.04 

+0. 03 

— 0.  08 

+0. 01 

+0.  1 1 

I 

5  -  2 

0.000 

— 0. 003 

—0.004 

— 0.  002 

— O.OI  I 

— 0.  012 

5-  I 

+0.  001 

+0.  002 

— 0. 077 

+0.044 

+0.012 

— 0. 008 

— 0. 164 

+0.090 

0 

5-  2 

—0. 00305 

— 0. 00359 

+0. 05809 

—0. 03320 

—0.01824 

+0.01012 

+0. 09935 

—0. 05494 

I 

5-  3 

+0. 002 

+0. 002 

+0.001 

+0, 003 

+0.  01 1 

— 0.009 

+0. 032 

—O.OIl 

5-  2 

— 0. 019 

+0.003 

—0. 042 

—0. 158 

+0. 005 

+0.019 

—0. 072 

—0.31 1 

0 

5-  3 

0.0 

+0.1 

0.0 

+0.  2 

0 

6-  2 

+0.01 

— 0.  02 

—I 

6-  2 

— 0. 05 

—0.06 

—0.  II 

— 0.  12 

0 

<^3 

+0.04 

+0.04 

+0.07 

+0.  08 

6-  3 

+0.  2 

+0.1 
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Arg= 

it 
cos  I 

cos  * 

^cos  i' 

sin. 

COS. 

sin. 

cos. 

sin. 

COS. 

sin. 

COS. 

K     i'  i 

—  I       7 —  2 

// 

// 

// 

—0.03 

// 

0.00 

// 

// 

// 

—0.  04 

// 

— 0, 01 

o  7—3 

-fo.  018 

+0, 005 

H-o,  030 

+0. 010 

—I     7—  3 

+0.04 

— 0. 05 

+0. 08 

—0.  10 

0     &—  3 

-1-0,007 

— 0.001 

-1     8-  3 

0. 00 

— 0. 02 

-fo.oi 

— 0. 05 

o  10 —  4 

+0.00068 

-|-o,  00067 

-I-0.00I4I 

+0. 00132 

— I  lo —  4 

-|-o.  004 

— 0. 003 

+0.009 

— 0.007 

CHAPTER  XIL  ^   

SECOND-ORDER  PERTTJRBATIONS  OF  THE  MEAN  ANOMALY  AND  RADIUS-VECTOR  OF  JUPITER, 
ARISING  FROM  THE  MUTUAL  ACTION  OF  THIS  PLANET  AND  SATURN, 

When  the  eight  terms  of  <5T,  given  in  the  two  preceding  chapters,  are  added  the 
following  expression  is  obtained : 


dT 

ATg—Ky-\-%'g'-{-ig 

sin. 

COS. 

H     i'  i 

// 

// 

// 

// 

0      0  o 

— 0.00000704+  I.O520W^ 

I  O —  I 

+0. 0533 

+  I.  Ii97«/ 

— 0, 0088 

—  0.4622W/ 

I      o  o 

— 0.  2260338 — 29, 43io«/ 

4-0. 256^282 

— 17.  3424 

O       O —  I 

-|-o.  2412 

+  10,  3«/ 

—0.  2703 

+  3'8w^ 

I  O —  2 

— 0. 064 

+  6, 952W/ 

+0.094 

+  2.S30«^ 

— I       O—  I 

—a  474 

+  3'Ont 

-0, 356 

—  I.  int 

0  O —  2 

+0. 486 

—  i,4ng 

+0.351 

+  0, 9w^ 

I  o —  3 

— O.IS9 

—  0.  int 

—0. 100 

+  0.  2W/ 

—  I  O —  2 

+0. 408 

—0.318 

o     o-  3 

— 0.406 

+0. 342 

I     o—  4 

4-0. 140 

—0. 113 

—I     o—  3 

+0. 010 

— 0. 063 

o     o—  4 

— 0. 03 

+0,08 

I     o-  5 

+0.01 

— 0. 02 

-I      1+  4 

+0.031 

—0, 022 

o     1+  3 

—0.079 

+0.051 

I        1+  2 

+0,060 

— 0. 021 

-I      1+  3 

+0. 106 

—0.  211 

O       1+  2 

— 0, 321 

+0, 636 

I        1+  I 

+0. 290 

— 0, 624 

-  I  1+2 

+0. 139 

—  0.  8w/ 

+0. 14s 

+  I.  2ni 

O        1+  I 

— 0. 489 

—  o,8«/ 

.  —0,426 

+  2,  8«^ 

I       I  o 

4  0. 4840 

+  2,44«/ 

+0.4225 

6,38«/ 

-I   1+  I 

— 0.0616 

-25,97«/ 

+0.0138 

—33-  74«^ 

O      I  o 

+0, 1491 

+  7.97«^ 

— 0. 1067 

+  4, 96«/ 

I     I —  I 

— 0, 1322 

+23,OIW^ 

+0. 1016 

+3i,88«/ 

—  I        I  0 

—0. 0487 

+  i.83«/ 

— 0. 0888 

—  1.07K/ 

0       I —  I 

+0. 0466 

—  2.s6m 

+0. 0463 

—  0.  59K/ 

I  1-2 

+0,0053 

+  0, 3«/ 

+0. 0248 

+  o.3«/ 

—  I        1 —  I 

—0-3133 

+  2.9«/ 

—0. 1696 

+  8.8«/ 
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^T 

Arg= 

sin. 

COS. 

H 

i'  i 

// 

// 

// 

0 

I —  2 

+0.  330 

+ 

1.3W/ 

+0, 178 

17.  ont 

I —  3 

— 0.  lOI 

I .  o»/ 

— 0.041 

+ 

9.  2nt 

—  I 

I—  2 

+0.  203 

+ 

0.  iHt 

— 0. 443 

+ 

i.6nt 

I-  3 

— 0.  198 

0. 7w/ 

+o-  451 

2. 2nt 

I—  4 

+0. 053 

ont 

— 0. 146 

+ 

int 

—  I 

I—  3 

-|-o.  281 

+0.  226 

I—  4 

—0.  296 

— 0.  216 

I-  5 

+0.  II 

+0,08 

2+  3 

4-0.030 

+0. 023 

2-(-  2 

— 0. 062 

—0.060 

2+  I 

-|-o.  024 

+0. 048 

2+  2 

+0. 268 

+0. 070 

2+  I 

-0.833 

— 0.  205 

2  0 

+0. 7932 

0,  int 

-ho- 1733 

0.  Bnt 

2+  I 

— 0. 103I 

8.  4«/ 

+0. 1373 

2. 4nt " 

2  0 

+0.2941  + 

2.55W/ 

—0.5176 

2.  23W/ 

2 —  I 

—0. 2951 

6. 15W/ 

+0.5109  + 

6.  3o;f/ 

2  0 

-I-0.0064  +  55.  i6w/ 

—0. 0385 

82, I4«/ 

2 —  I 

+0. 02677— 

44.  %\\nt 

+0. 05928+  88,  390/// 

2—  2 

— 0.0184 

3. 66«/ 

—0.0457 

12* 44»/ 

2 —  I 

+0. 041 1 

0.  78W/ 

— 0.071 1  +  12,  i5«/ 

2—  2 

— 0.0108  + 

0.  2nt 

+0. 0632 

9.  mt 

2—  3 

— 0.017 

+ 

I,  Ont 

— 0. 005 

+ 

i.6nt 

—  I 

2—  2 

+0. 086 

34.  int 

—0. 323 

+ 

i.3tt/ 

2—  3 

— 0. 089 

+  49. 9«/ 

+0. 337 

5.o«/ 

2—  4 

+0.015 

23. int 

—0.090 

4.  mt 

—  I 

2-  3 

+0. 369 

Z.ont 

+0. 078 

+ 

2.  6nt 

2—  4 

-0.371 

+ 

*jnt 

— 0. 066 

2-  5 

+0.113 

2nt 

+0.018 

+ 

int 

3+  2 

— 0.012 

+0. 028 

3+  I 

+0. 032 

-0.053 

3  0 

— 0. 027 

+0.012 

3+  I 

— 0.001 

l.Znt 

+0.  270 

+ 

0.  Snt 

3  0 

+0.0041  + 

0.  2nt 

—0. 8536 

0.  Snt 

3—  J 

+0,0004  + 

I. 72W/ 

+0. 7720  + 

0. 74K/ 

~' 

3  0 

+0.0053 

10.  3IW/ 

—0. 0348 

33-  34^^^ 

3-  I 

+0.11465+ 

11.569W/ 

+0.08256+  30.  I94«/ 

3—  2 

— 0. 1289 

ii.gint 

—0. 0856 

5.  85W/ 

—  I 

3-  « 

+0.0050  +251.76/// 

—0.0246  +145.  i8«/ 

3—  2 

— 0. 0081 

—253.  ggnt 

+0.0355 

—136.31;?/ 

3—  3 

+0.0045  4-  7i>4w/ 

—0.0146  +  35.4;;/ 

3—  2 

+0.0916 

9.  2nt 

+0.03S4  + 

3.  ont 

3-  3 

—0.  081 

+ 

I .  ynt 

—0. 026 

6.  Snt 

3—  4 

+0. 024 

+ 

0.  gn^ 

+0.012 

S.Snt 

3-  3 

+0.  276 

7.4Ht 

+0. 002 

41.4/2/ 
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Arg=K 

5T 

sin. 

COS. 

H 

i'  i 

// 

// 

ft 

// 

o 

3 —  4 

— o.  270 

+    6. 4>i/ 

— 0. 002 

+  Si'Ant 

3—  5 

+0. 077 

ont 

— 0.  007 

—  22nt 

3—  4 

-|-o.  007 

—  Zni 

+0.  269 

3—  5 

— 0. 014 

+  2nt 

— 0. 263 

-|-  oni 

3—  6 

0. 00 

—  mt 

+0.  Oo 

—  aw* 

4+  I 

-f-o.  002 

— 0. 007 

4  ^ 

— 0. 006 

+0.01 1 

4 —  ^ 

+0. 0076 

+   0.  int 

— 0.  0067 

"  ont 

—I 

4  ^ 

+0. 0409 

—    6.  ont 

— 0. 0071 

—  s.int 

4 —  I 

+0. 061 1 

+  S'Z^^ 

— 0.0168 

+   4. 29/// 

4 —  2 

—0. 0783 

—  3-36w/ 

+0.0189 

+    0. 26nt 

4 —  J 

— 0.0166 

+  87.  low/ 

+0. 0489 

—  1.22/// 

4 —  2 

-f-0. 0076 

—  84.49/// 

+0. 0173 

+    1. 91/// 

4—  3 

-|-o.  0026 

+  23- 57^^ 

—0. 0550 

—  7.41/// 

4 —  2 

+0. 1089 

—  85.49/// 

— 0. 0252 

+257. 49«^ 

4—  3 

— 0. 114 

+  77. 3''^ 

+0. 029 

—258.  ont 

4—  4 

-f-o.  041 

—  21. 2«/ 

— 0. 007 

+  76.  9/// 

4—  3 

+O.O0S 

-  4.5«^ 

+0.059 

—   4. 8/// 

4—  4 

— 0. 018 

+    6. 2nt 

— 0.049 

—    2. ^nt 

J.   c 

4  0 

— 0. 006 

—  4/// 

+0. 016 

ont 

4 —  4 

+0. 043 

+  ZSnt 

+0. 191 

—  15/// 

A   C 

— 0.042 

—  41/f/ 

—0. 186 

+  15/// 

4 —  0 

+0. 013 

+  16/// 

+0.041 

-  Snt 

—I 

4—  5 

— 0. 182 

+  Znt 

+0. 040 

—  4/// 

4—  6 

+0.15 

—  pit 

—0.04 

+  6nt 

I 

4-  7 

— 0. 03 

+  2nt 

+0.01 

—  Znt 

?   •  0 

-|-o.ooi8 

—   0. 9/// 

— 0, 0003 

—    0. 3/// 

e   I 

-f-O.  OOII 

+    0.  %nt 

— 0. 0035 

+    0.  int 

e   2 

— 0. 001763 

—    0. 462/// 

+0.001 130 

+  o.335«^ 

e   I 

+0.008734  -f-  14.351?// 

+0. 030313 

—  9. 125/// 

2 

-|-o.  0040821—  13.66051W/ 

+0. 0001070+   8. 46360^/ 

e   1 

J  J 

-f-O.  015221   -f-     2.  569W/ 

+0. 040083 

-   4.535«^  ' 

e   2 

+O.OOIOI4 

+  20.443/// 

—0. 034322 

+  101.528/// 

J  j 

— 0. 0286 

—  2I.2/(/ 

+0. 0360 

—  99. 4/// 

J —  4 

+0.0185 

+  12, ont 

—0. 0140 

+  28.5/// 

C—  7 
3  J 

+0.049 

—217. 1/// 

+0. 116 

—  2$. ont 

5 —  4 

-0.053 

+215.8/// 

—0. 129 

+  18.8/// 

5 —  5 

+0. 017 

—  66.  2/// 

+0. 040 

—   4.  mt 

— 0. 027 

+  1.6/// 

+0. 023 

—   4. 2nt 

5-  5 

+0.025 

+  4/// 

— 0. 033 

+  6/// 

5 —  " 

— 0. 008 

-  3«^ 

+0. 005 

-  Znt 

5-  5 

— 0. 127 

+  i6nt 

+0.061 

+  25«/ 

5—  6 

+0. 127 

—  18/// 

— 0.064 

—  27/// 

5-  7 

— 0.  02 

+ 

+0. 01 

+  ^nt 

5—  6 

— 0. 05 

+  6nt 

— 0. 12 

+  2nt 

0 

5-  7 

+0. 05 

—  6nt 

+0.  II 

—  6/// 

I 

5-  8 

— 0. 01 

— 0. 02 
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5T 

Arg= 

sin. 

COS. 

i'  i 

// 

// 

// 

6 —  2 

— 0.  0002 

— 0. 0006 

6 —  I 

— o.  0064 

+  i.o7«^ 

— 0. 0035 

2.55«^ 

6—  2 

+0. 0007 

—  i.i5«^ 

— 0.0004 

+ 

2. 29«/ 

6—  3 

-fo.  Olio 

—    0.  25«/ 

+0. 0098 

0. 86«/ 

6 —  2 

+0. 0787 

-f  16.  29«^ 

— 0. 0663 

+  i8.09«r 

6—  3 

— 0. 0612 

—  15. 6o«/ 

+0. 0528 

17.  56?// 

6—  4 

—0. 0364 

-f    6. 7«/ 

+0.  0212 

+ 

3.6«/ 

6—  3 

+0.0457 

—  93. 9«/ 

+0.  0536 

+  39- 

0—  4 

— 0.048 

+  92. 6«/ 

— 0.  064 

39-  int 

6—  5 

+0. 009 

—  26.  mt 

-fO.OI2 

+  16.  7«/ 

6—  4 

— 0. 086 

—  15. 4«/ 

+0, 004 

— 

[60.  4«/ 

6—  5 

+0. 098 

-|-  20.  2«/ 

— 0. 070 

+  158. 4«^ 

6   6 

— 0. 026 

—  %nt 

4-0.018 

48«/ 

-I 

6-  5 

— 0. 025 

+  4«^ 

— 0. 008 

2nt 

6—  6 

+0.017 

-  Znt 

+0.  009 

+ 

Snt 

6—  7 

— 0.  01 

+  2nt 

0.00 

ont 

-I 

6—  6 

—0.05 

—  iznt 

— 0.  05 

lent 

6-  7 

+0.05 

+  lint 

+0. 05 

i6nt 

6—  8 

—  9«/ 

+ 

Snt 

"I 

7—  I 

— 0. 0023 

0.  ont 

-f  0.0003 

0.  2nt 

7 —  2 

-f  0. 0004 

—    0. 02«/ 

-f  0.0001 

+ 

0.  lynt 

7—  3 

+0.  0028( 

;—   0.  lont 

-f  0.00160 — 

0.  o8«/ 

—  I 

7 —  2 

— 0. 01 947 -|-   4.  i2nt 

—0. 06596+ 

i.34«/ 

7—  3 

+0. 02661 

—   4. 090«/ 

+0.05637— 

i.339«^ 

7—  4 

—0.0365  +  i.44«/ 

— 0. 0163 

0.  28«/ 

7—  3 

+0. 6246 

—  17. 17«/ 

+0.  5861   +  22.  24«/ 

7—  4 

—0.6835  +  16.  4«A 

—0.6413 

22.  ont 

7—  5 

-fo.  212 

—   3.  ont 

+0.  199 

+ 

y.gnt 

7—  4 

— 0. 044 

—  49.  ynt 

+0.  070 

73.  snt 

7—  5 

+0.018 

+  50- 3«^ 

— 0.  099 

+  71. 9«^ 

7 —  6 

+0. 003 

—  18.  7«/ 

+0.  036 

20.  3«/ 

7—  5 

— 0. 065 

+  106.  ynt 

—0,  053 

33-  ynt 

7 —  6 

+0. 071 

— I04«/ 

+0.  074 

+  37«^ 

7 —  7 

— 0. 017 

+  3^nt 

— O.OIO 

I4nt 

7—  6 

— 0. 006 

-f  i«/ 

— 0. 010 

+ 

2nt 

7 —  7 

+0.03 

—  Snt 

+0.01 

mt 

7-  8 

ont 

+ 

snt 

-I 

7—  7 

+0. 02 

—  \2nt 

— 0. 03 

gnt 

7—  8 

— 0. 01 

-f  I4«/ 

+0. 03 

+ 

Snt 

7—  9 

-  7«/ 

snt 

8-  2 

— 0.0127  -f    0.  63«/ 

— 0.0138 

0.  24«/ 

8-3 

-f  0.01234—   0. 666«/ 

+0.01 122+ 

0. I56«/ 

8-  4 

—0. 0105  +   0.  i3«/ 

— 0. 0006 

0. iSnt 

8-  3 

+0.  2509 

—    0. 74W/ 

+0.0589  + 

S-9int 

0 

8-  4 

— 0.  2548"  +    0. 64«/ 

— 0. 0661 

5.8i«/ 
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sin. 

COS. 

X     i'  i 

// 

// 

// 

// 

I      5—  5 

4-0. 0826 

4-  o,3«/ 

—0.0006 

4-  i.6nt 

r       Q  A 
—  I  2S —  4 

4717 

-25.  snt 

4-07795 

— 12. 2nt 

O  8 —  5 

-1-0.489 

4-25. 4«/ 

— 0. 822 

-f  12. 3«/ 

I        i>—  o 

— 0. 152 

—  7.  jni 

4~o.  262 

—  2.  IHt 

—  I  8 —  5 

— 0. 071 

_L>fn  e*t/ 
-f-49.  5»f 

 001 

 ^ 1 . 

ft  A 
O      o —  0 

-f-O.  O04 

— 4^*  o»* 

— 0.  029 

I  7 

 0.  036 

-f-i3«r 

-f-O.  015 

 i6«/  1 

—I     8-  6 

^-o.  029 

-f-3o»z' 

—0.055 

o     8-  7 

— 0.  027 

— 42W/ 

4-0. 054 

I     8-  8 

 01 

4-I9W/  ! 

-I     8-  7 

— 0.  01 

—  3«^ 

-f-O.  01 

0  8—8 

0.  00 

_l_ 

-f-  4»f 

4"0.  01 

0"*  1 

I     8—  9 

  fit** 

—  Off* 

Off/ 

—  I       9 —  2 

— 0. 0030 

— 0. 0013 

o     9—  3 

+0. 0023 

—  o.04«/ 

4-0.0009 

4-  o.o3«/ 

I     9 —  4 

— 0.0016 

4-0. 0007 

— I     9—  3 

4-0,0478 

4-  o.46«/ 

—0.0156 

4-  o.99«/ 

o     9 —  4 

—0. 04738 

—  o,43»/ 

4-0.01338 

—  0. 95«/ 

I     9—  5 

+0. 01 18 

4-  0.  20«/ 

— 0.0II8 

4-  0.  i8«/ 

— I  9 —  4 

— 0. 0149 

—  6. 84«/ 

4-0.3398 

4-  0. 5i«/ 

o     9—  5 

+0. 019 

4-  6.4»/ 

— 0.  347 

—  0. 7»/  ! 

I      9—  0 

+0. 012 

—  i.5«/ 

4-0. 109 

4-  o.6»/ 

— I     9—  5 

-0. 735 

4-  6.  7«/ 

— 0. 254 

— 25.5«/ 

rt 

o     9—  0 

-f-O.  705 

—  5.  7«/ 

4"0. 252 

4"  24*  2W/ 

I     9—  7 

—0. 241 

Of?/ 

— 0. 079 

—  ynt 

—I  9—6 

— 0. 032 

4-46«/ 

-0.037 

4-30W/ 

0      Q —  7 

4-0. 062 

— 46«/ 

4-0. 050 

— 27«/  ' 

I     9—  8 

— 0. 026 

4-1 !«/ 

— 0. 022 

4-  6ni 

—I     9—  7 

+0, 026 

-37«^ 

—0.006 

+33^ 

o  9—8 

— 0.  02 

4-3i»/ 

-fo.  02 

— 33«^ 

I     9—  9 

—  Zni 

4-  8«/ 

—I  9—8 

—  i»/ 

— loni 

o  9—9 

4-  2«/ 

4-  8«/ 

—I  lo —  3 

4-0.  00528 

4-  0. 148«/ 

— 0. 00629 

4-  o.ogSw/ 

—0.0052516—  0. 13299«/ 

4-0.0055258—  0.  ioo69«/ 

I    lo—  5 

4-0. 0001 1 

-f  0.058^/ 

—0. 00281 

—  o.oo3»/ 

—  I    lo—  4 

-i-o.  03685 

—  I. I40«/ 

4-0.07039 

4-  o.757«^ 

o   lo—  5 

— 0. 0338 

4-  0. 9«/ 

— 0. 0700 

—  0.  6«/ 

1      lO—  O 

4-0.017 

—  0.  znt 

-f  0.017 

4-  0.  2«/ 

-I    lo-  5 

— 0. 348 

—  2.  IfU 

-f  0. 056 

—  6.  2«/ 

o  10 —  6 

+0. 356 

+  i-5«^ 

—0.053 

+  S.7«^ 

I  10 —  7 

— 0.  112 

—  o.4«/ 

4-0. 032 

—  I.  !«/ 

—I    lo—  6 

4-0.  067 

4-21. 6«/ 

—0.591 

4-  o.8»/ 

o   10-  7 

— 0.  054 

— 2int 

4-0. 610 

—  i«/ 

I    lo—  8 

4-0.017 

+ 

—0.188 

o«/ 

—1    lo-  7 

4-0.  012 

— 13«/ 

— 0.041 

+37«^ 

25  AST  18 
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Arg=w>'+i'flr'+(V 


ST 


H 

i'  i 

// 

tt 

// 

O 

lo—  8 

— O.  021 

+I3W/ 

+0. 072 

I 

lo—  9 

O.  CO 

—  3«^ 

— 0. 02 

+  9nt 

—  I 

lo—  8 

— 2I«/ 

O 

lo—  9 

o.oo 

-f-2I«/ 

— 0. 02 

+i5«/ 

o 

II—  4 

 0.  0002 

+0.0009 

—I 

II—  4 

-|-o.  oi  24 

—  0.  o8w/ 

-|-o.  0077 

+  0.  l6nt 

o 

II—  5 

— O.0II4  -l-  0.07W/ 

— 0. 0078 

—  0.  low/ 

I 

II—  6 

+0. 0047 

+0.0006 

— I 

II-  5 

—0. 0752 

—  0. 9«/ 

+0. 0593 

—  0.  9w/ 

o 

II—  6 

+0.075 

+  o.8«^ 

— 0. 056 

+  o.9«/ 

I 

II—  7 

—0.  020 

+0. 024 

—I 

II—  6 

—0. 1 14 

+  S.i«^ 

— 0. 300 

—  2.  5«/ 

o 

II—  7 

+0.  112 

—  4. 6«/ 

+0. 301 

+  i.8w/ 

I 

II—  8 

— 0.046 

+  i«/ 

— 0. 094 

—  \nt 

—I 

II-  7 

+0.419 

-|-  i«/ 

— 0. 045 

+i5«/ 

o 

II-  8 

 0.  426 

—  2«/ 

+0.059 

— 14W/ 

I 

11—  9 

+0. 14 

o«/ 

— 0. 02 

+  Znt 

— I 

II—  8 

+0.03 

— 27«/ 

0.00 

—  4«/ 

o 

II—  9 

~o.  OS 

+  24«^ 

0.00 

+  Snt 

o 

II  —  lO 

—  6«/ 

+  I7«/ 

o 

12—  5 

— 0. 00225 

—  0.  002«/ 

— 0.00010 —  0. 032W/ 

— I 

12—  5 

— 0, 0081 

—  0.21/2/ 

-|-o.  0200 

—  o,o6«/ 

o 

12 —  6 

-|-o.  0076 

— 0. 0174 

12—  7 

0.000 

+0.005 

12—  6 

—0.073 

-f  o.8«/ 

—0. 067 

—  0.9W/ 

12—  7 

+0. 076 

—  0.  6«/ 

+0. 066 

+  0. 6«/ 

12—  8 

— 0. 028 

— 0. 016 

12—  7 

-|-0.  220 

+  2.4«/ 

— 0. 142 

+  Z*7nt 

12—  8 

—0.  219 

-  3«^ 

+0. 140 

—  4w/ 

12 —  9 

+0.  066 

— 0.048 

12—  8 

-|-o.  096 

—  IO«/ 

+0.271 

+  Znt 

12—  9 

— 0. 09 

+  IOW/ 

— 0.  26 

—  3w/ 

12 — lO 

+0.03 

+0.04 

12—  9 

— 

— 15W/ 

o 

12—10 

ont 

COS. 


This  expression  for  must  be  subjected  to  the  same  treatment  as  that  we  em- 
ployed in  Chapter  II  for  deriving  ^ '^f^  and  ^  from  T ;  that  is,  we  must  obtain  5Wo 


dt 


and  —  ^(^  iy^^^  ivom  ^Wo,  the  latter  being  given  by  the  equation 


In  deriving  <5Wo  from  in  the  terms  whose  arguments  involve  ^g'—2g  or 
10^—4^,  it  seems  advantageous  to  equate  the  motion  of  the  argument.    In  this  way 
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a  more  rapid  approximation  to  the  correct  values  of  these  terms  is  secured.  Joining 
T  and  ST  together,  and  supposing  that  the  argument  is  denoted  by  Xi  let 

T  +  (^T  =  (a  +  bnt)  sin  x  +  {<^  +  ^^*)  X 
By  means  of  the  equations  


A  cos  K  =  a 

ah  +  cd 

is  =  5[  


A  sin  K  =  0 

ad  —  ho 


H  =  • 


A2 


these  terms  can  be  approximately  expressed 

T  +  (ST  =  (A  +  Bnt)  sin  (x  +  K  +  unt) 

and  thence  by  integrating 

Wo  +  <5Wo  =  -    ( A  +  Bnt)  cos  {x  +  K+  nnt)  +  /^B  sin  {x  +  K+  unt) 

where  yu  denotes  the  integrating  factor  for  the  argument  x  +  In  the  special  cases 
we  treat  /i  will  be  derived  from  either  of  the  formulae 

_  =  3  ^  HOT  -  =  —  +  H 

By  developing  the  sine  and  cosine  of  the  argument  in  powers  of  nnty  and  neglecting 
in  the  coefficients  terms  multiplied  by  nH^,  we  get 

Wo  +  6W0  =  —  /x[a  —  jxB  sin  K  +  (&  —  h/xB  cos  K)nt]  cos  x 
+  /x[c  +  /xB  cos  K  +  (<Z  —  H/xB  sin  K)nt]  sin  x 

By  subtracting  from  this  the  value  of  Wq,  found  in  Chapter  II,  we  have  the  value 
of  5Wo. 

In  the  five  terms  we  treat  by  this  process  there  has  been  found : 


Arg. 

log  A 

K 

logB 

lOgH 

log /I 

r+  59  —  ^9 

7.8385 

0     /  ft 
217  19  24 

4.  2156 

6. 899 1  w 

1.8983560 

S9  —  ^9 

9.  2905882 

248   8  38.26 

5.4424349» 

6. 9o88766» 

1.8989767 

—  r+  S9—^9 

0.  3077026 

176  39  35.74 

6. 1611524W 

6. 7032 I 88» 

1.8885772 

7.81648 

133  13  55 

3.24871 

6.40327 

1.56683 

—  y^iog'—4g 

8.8359 

62  10 

4. 1369 

6. 2981 

1.56770 
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By  the  aid  of  these  quantities  the  terms  of  SWq  in  question  have  been  found 
follows : 


Wo 

ooe. 

H       i'  i 

I  5-  2 
0    5 —  2 

-I  5-  2 
0   10—  4 

— I  10 —  4 

//  // 
-f  0. 1 508  -|-o.  000372^^ 
-|-o.  20521-I-0. 0107729IW/ 
+5,7718  — o.oi6254«/ 
+0. 13735+0-  00004901W/ 
—I.  3613  +0. 000421W/ 

1/  // 
-I-0.0564  +0.O0O26o«/ 

—0. 79420+0. 00683789M/ 
—1. 3453  +0.078528W/ 
+0. 14799 — o.oooo37i8«/ 
+2.6053  +0. 000279W/ 

The  expressions  for  <JWo  and  -'-(JI^^  foUow : 


5Wo 

Are^i' a' -\-io 

COS. 

sin. 

i'  i 

// 

if 

/I 

// 

0  0 

+  0.0525 

+ 

o.4995«/ 

+  h 

+ 

0.  526owV« 

0 —  I 

+  0. 2093 

+25646. 

+  0.2242 

—22608.  5«/ 

+  Jci 

8. 67i2wV« 

+ 

14.7155'*^^' 

0 —  2 

—  0. 2832 

+ 

620. 2nf 

+  0.2146 

544. 4«^ 

+  [8.382i]fcx- 

0.  2090«8/' 

+[8. 3822]^— 

0. 3548w»/« 

0—  3 

+  0.0923 

+ 

22. 4nf 

+  0.0818 

19.  ynf 

+[6.  9403]  fci— 

0.  ooydrflt^ 

+  [6. 9405]*^ 

O.OI28»«/» 

0—  4 

+  0.0022 

+ 

I.O«/ 

+  0.0091 

0.  Snt 

0. 0003WV8 

0.  ooo5«»/» 

1+  4 

—  0.0007 

—  0.0006 

1+  3 

—  0.0148 

—  0. 0088 

1+  2 

—  0-1337 

0.  inf 

—  0.2170 

0. 4Ht 

-  0.9173 

4-  3^^ 

+  0.8004 

14. 6nt 

I  0 

—  0. 5479 

+ 

37.  25n/ 

—  0.4234 

65.  lon£ 

I —  I 

+  0.  2023 

7.  86«/ 

—  0. 3128 

2.  53«^ 

I—  2 

—  0.3533 

+ 

5.2«/ 

+  0. 1841 

7.7^^ 

I—  3 

+  0.0531 

0.  int 

+  0. 1508 

G.  fftf 

I—  d. 

■  +  0.0524 

—  0.0375 

2+  2 

—  0.0241 

+  0.0141 

2+  I 

—  0.  6558 

+ 

0.  gnf 

+  0.0635 

l.Snt 

2  0 

—  1.8249 

+ 

33- o«/ 

-  3. 1885 

36.  2nt 

2 —  I 

+  0. 13729 

301.  67 

—  0. 32321 

545.  77^*^ 

2 —  2 

+  0. 1974 

+  0.3142 

58.  on^ 

2-  3 

+  0.0420 

13.0^/ 

+  0. 1536 

3-  7^^ 

2-  4 

+  0.0808 

o.4«/ 

—  0.0123 

0.  2nf 

2-  5 

+  0.004 

—  0.001 
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ATg — %  g  -\-%g 

5Wo 

COS. 

sin. 

i'  i 

3+  I 

// 

+0.0II7  — 

// 

0.  2«/ 

// 

+0.0841  + 

0.  mt 

3  o 

— 0.0084  — 

8. 3«/ 

^+3:^1295  + 

3-5«^ 

3 —  ' 

— 0.7II5  — 

61.  i^nt 

+0.4816  + 

124. 44»/ 

3—  2 

— 0.0002  — 1490. 72«/ 

1013  + 

849. 48^/ 

3 —  3 

+0.0798  — 

39. 8«/ 

—0.0398  + 

15.  6«/ 

3 —  4 

-f  0, 0804  — 

3. 2«/ 

— 0.0002  + 

11, ont 

3 —  5 

+0,0026  — 

0.  gnt 

—0.0436  + 

I.  mi 

4  0 

—0,0143  — 

0, 4«^ 

— 0.0081 

0.  ont 

I 

—0.3265  — 

13. iSnt 

—0.0797  + 

3-  3ont 

4"~  2 

+0.0483  — 

342.  8i«/ 

+0.0721  — 

2.44W/ 

4 —  3 

+0.2313  — 

176. 3«/ 

+0.0426  — 

508.  ont 

4 —  4 

+0.0018  — 

8.  i«/ 

— 0.0254  — 

II.  3«/ 

4 —  5 

+0.0089  + 

5.8n/ 

"O.0353  + 

2. 4«/ 

A   5 

— 0.0247  + 

0.  mt 

— 0.0065  + 

0. 6nt 

5  o 

+0.0036  + 

0. 9«/ 

+0.0013  + 

0. 6nt 

5—  I 

+0. 1492  + 

36, 9«/ 

+0.0518  + 

26,  ont 

5 —  ^ 

+0. 21209+1065. 872«/ 

—0.  80459+ 

679-  033«^ 

5 —  3 

+5.7511  — i64i.6«/ 

—I- 3745  +7939- 

5 —  4 

+0. 1676  — 

172.  9«/ 

— 0. 0995  +  206.  $nt 

— 0.001 1  — 

5.4«/ 

—0.0058  + 

8.  3«^ 

^   6 

— 0.0149  + 

i.9»/ 

— 0.0065  — 

3-  4«^ 

J  / 

—0.0053  + 

o.4»/ 

+0.01 1 1  + 

o.5«/ 

6—  I 

+0. 0010 

— 0. 0018 

6   2 

+0.0210  + 

1.67W/ 

— 0.0206  + 

5.  o8«/ 

—0.3163  — 

6i.90«/ 

—0.2629  + 

7i.o7«/ 

6—  4 

+0.0478  — 

113- 

— 0.0624  — 

47.  int 

— 0.0223  — 

8.  onf 

+0.0172  + 

Si.Snt 

6—  6 

— 0.0084  + 

0.  7«/ 

+0.0004  + 

i.7«/ 

—0.0033  — 

+0.0032  — 

2. 4nt 

7—  2 

+0. 0160  — 

o,$nt 

— 0.0084  + 

0.  Snt 

7 —  3 

+0. 1416  — 

26. 66ni 

—0.38x1  + 

9. iSnt 

7  4 

+2.9728  — 

82.  $nt 

—2,  7899  — 

107.  5«/ 

7 —  5 

+0.0547  — 

27.  ont 

—0.  IO3S  + 

33. 7«^ 

y   5 

-0.0095  + 

22.  3«/ 

— 0.0007  + 

8.  S«/ 

/  7 

+0.0046  + 

0.  3«/ 

+0.0014  — 

0. 4«/ 

7—  8 

+0.0029  — 

i.8«/ 

+0.0013  + 

i.4n/ 

8-  3 

—0.0577  + 

2. 66w/ 

+0.0399  + 

0. 67«/ 

8-4 

—1. 4136  + 

4. 25«/ 

+0.3484  + 

33. 27«/ 

8-5 

— 0.4131  — 

20.  Znt 

—0.6273  + 

10. 3nt 

8—  6 

—0.0349  + 

13.  6«/ 

—0.0168  + 

i$,2nt 

8-7 

+0.0019  + 

S.3«^ 

+0.0067  — 

S,6nt 

8—  8 

— 0.0023  — 

0.  7«/ 

—0.0042  — 

0.  ynt 
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COS. 

sin. 

i'  i 

//  // 

//  // 

9—  3 

— o.  oo66  +  o.  i«/ 

 0,0011          0.  OK/ 

9 —  4 

— o.  1940  —  I,  75«/ 

— o.o^'ii  4-  '?.o8k/ 

"•"JO*        1       J*  yvm-r 

9—  5 

—0. 0242  — 14,  i«/ 

—0.6982  —  I.2«/ 

9 —  6 

— 0. 2846  +  2.  i«/ 

+0.0801  +10. 4«/ 

9—  7 

— 0,0139  +  8,4«/ 

+0.0094  —  5.  6«/ 

9-  8 

+0.0022  —  4.  s«/ 

—0.0022  —  4.  i«/ 

9—  9 

-f  0.0002  —  0.  i«/ 

0. 0000  +  0.  6«/ 

10 —  4 

+0. 18928+  4.  8l2«/ 

+0.20046 —  3.622^/ 

lo—  5 

—1,3884  +42.  8«/ 

+2.6682  +28. 4«/ 

10 —  6 

—0.  2477  —  0.  Snt 

+0. 0224  +  4.  6«/ 

lo—  7 

+0.0103  +  S-o^'^ 

+0.  1425  +  0.  i«/ 

lo—  8 

— 0.0007  —  i.4«/ 

+0. 0069  -  -  5. 4«/ 

lo—  9 

+0.0001  —  I.  2»/ 

+0. 0046  +  0.  5«/ 

II—  4 

+0.0006 

+0. 0021 

II—  s 

— 0.0461  +  0. 3«/ 

+0. 0310  +  0.  6«/ 

II—  6 

— 0.0928   I.O«/ 

— 0. 0766  +  0. 9«/ 

II—  7 

— 0.0444  +  7«^ 

+0.0978  +  I.  2«/ 

II—  S 

+0.0725  —  0.  i«/ 

+0. 0100  —  2.  6«/ 

II—  9 

+0.0014  —  2.4«/ 

+0.0004  —  0. !«/ 

II— ID 

—  I.  i«/ 

—  3.  in/ 

12-  5 

— 0.0134  —  0. 01 «/ 

+0. 0008  +  0.  I9«/ 

12—  6 

— 0. 0420  —  1 .  3«/ 

— 0.  1066  +  0.477/ 

12—  7 

— 0.0370  +  0.  4«/ 

+0.0294  +  o.5«/ 

12—  8 

+0.  0465  +  0, !«/ 

+0.0336  —  o.4«/ 

12—  9 

+0.0172  —  0.  8m/ 

— 0.0293  —  0. 3«/ 

12 — lO 

+0.0007  —  0.  3«/ 

— 0. 0023  +  0.  9«/ 

dy  1 

&iu. 

COS. 

i*  i 

// 

n 

//  // 

0  0 

—  0. 0033     —       0.  2006m/ 

0—  1 

—  0.0160 

—12814. 

+  0.0229    — II30I.IW/ 

—  hi 
2 

+      4. 33S6«'^» 

0 —  2 

+  0.21 14 

—   619. 4«/ 

+  0, 1606    —   544. 5«/ 

—[8. 3821]^!+      0.  2O90«2/» 

+  [8.3822]*^,—  o.3548«V» 

0—  3 

—  0.0731 

—     33. 6nt 

+  0. 0740     —     29. 6nt 

—[7. 1164]^!+  o.oii3«V2 

+  [7.  ii6s']lCi-~  o.oi92K-^/» 

0—  4 

—  0,0049 

—  i.9«/ 

+  0. 0127    —       I.  7«/ 

+      0.  ooo6«»/2 

—  o.ooii»V» 
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2\    dy  ) 


i'  i 

//  'f 

1+  4 

— 0.  ooo8 

1+  3 

—0. 0155 

1+  2 

— 0.  n68  —  o.  inf 

1+  I 

—0.5766  —  2.3«/ 

I  o 

— 0.1306  -\-  lo.  cow/ 

1 —  I 

— 0.0607  -|-  I.90W/ 

I —  2 

I—  3 

— U.  i/4o/  —     ^*  ^ 

I—  4 

— 0.  0446 

2+  2 

—0.  0283 

2+  I 

— 0.4810  -f    0.  9«/ 

2  0 

^.7837  +  13.4/// 

2—  I 

— 0.00469+  32. 59K/ 

2 —  2 

— O.I  106  -j-  3*5'^' 

2—  3 

—0. 0383  ~h  7^^' 

2—  4 

— 0.0726  -j-  I.2W/ 

2—  5 

— 0. 004 

3+  I 

-fo.  0096  —  0.  2nt 

3  0 

— 0. 0050  —  4. 8«/ 

3—  I 

— 0. 0790  —  10. 83«/ 

3—  2 

— 0.  0032  -j-024»  i*if*c 

3—  3 

— 0-0532  4-  34- 

3—  4 

— 0. 0696  -|-  3* 

3—  5 

— 0. 0050  -j-   0.  ^ftt 

4  0 

— 0.0106  —   0.  3«/ 

4—  I 

—0.0879  —   5,  77«/ 

4—  2 

— 0.0116  -\-  jg.^Znt 

4—  3 

— 0.  1404  -{-io8.8«/ 

4—  4 

— 0. 0104  4"    7*  2w^ 

4—  5 

— 0.  oo8i  —   5.  mt 

4—  6 

-\-o.  0236  —   0. 6nt 

5  0 

+0, 0036  +    0. 9w/ 

5-  I 

+0.0762  +  18,  5«/ 

5-  2 

+0.01228+  8.489^/ 

5—  3 

—2.8808  +816. 3«/ 

5—  4 

— 0. 1611  +138.  mt 

5-  5 

— 0. 0024  +    6.  6nt 

5-6 

+0.0195  —  2.2«/ 

5-  7 

+0.0065  —  o.9«/ 

+0. 0007 

6-  2 

+0. 0066  +    0.  27«/ 

6-3 

+0.0825  +  2i.46«/ 

4^0^0008 

+0.  oii6 

+0. 1662  + 

0. 4f// 

— 0.4918  + 

9. 4«/ 

14.  78W/ 

— 0. 1026  — 

i.Zint 

+0. 1278  — 

+0.1249  — 

0.  %nt 

— 0. 0278 

— 0.0I2I 

—0.0318  + 

— 0. 04082— 

56.  20«/ 

+0.  1799  — 

33- 

+0. 1315  — 

2.  7«/ 

—0.0087  — 

0. 6«/ 

— O.OOI 

— 0.0902  — 

0.  \nt 

—  I.  7968  — 

\,%nt 

—0.0651  — 

I7.00W/ 

—0.0346  + 

358.  I2«/ 

— 0.0236  + 

15. 4«/ 

—0.0023  + 

9. 4«/ 

—0.0399  + 

I.  2nt 

+0.0054 

0.  on/ 

+0.021 1  — 

I.  35k/ 

+0.0212  — 

2. 96;// 

+0.0301  — 

314. 6k/ 

—0.0171  — 

14. 2K/ 

—0-0363  + 

I.  7K/ 

— 0.0069  + 

0. 5«/ 

— o.  0013  —     o.  6«/ 

 0.0273  —      13.  2K/ 

+0. 03518—  6. 460W/ 
—0.6754  +3933- 2«/ 

— 0.0849  +  201.  2;// 
—0.0097  +     U.  IK/ 

— 0.0096  —  3-3«^ 
+0.0130  —      O.  5K/ 

+0.  001 1 

+0.0075  —  i.58«/ 
— 0.0725  +   22. 98K/ 


28o 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


.... 

1 

Arg — %  g  -\-xg 

-if- 

dy  1 

sin. 

COS. 

i'  % 
6 —  4 

//  // 

—0.0336  +76.  2K/ 

// 

—0.0487  — . 

// 

29. 6nt 

6-S 

+0.0223  +  7-6«' 

—0.0012  +42. 3«/ 

6—  6 

+0.0049  — 

0.  2«/ 

+0.0013  +  2.7«/ 

6-  7 

+0.0072  +  i.ont 

+0.0071  — 

i.5«/ 

7—  2 

+0.0072  — 

6.  2nt 

+0.0042  — 

0.  snt 

7-  3 

—0.0250  +  3.  22W/ 

— 0.0449  +  0. 79«/ 

7-  4 

—1.6789  +46. 7w/ 

-1.5758  -. 

59.  ynt 

7-  S 

— 0.0641  +20. 6w/ 

— 0. 1025  +24. 8«/ 

7-  6 

+0.0093  ~ 

19. 7«/ 

+0.0054  +  7.5«/ 

7—  7 

+0.0016  — 

l.3«^ 

+0.0022  +  0. 9«/ 

7-8 

— 0.0024  +  0.9W/ 

+0.0036  +  o.6w/ 

8-3 

— 0.0108  +  0. 34«/ 

—0.0059  — 

0. 17«/ 

8-4 

+0.  5874  - 

I.  65 w/ 

+0. 1348  +13.77^^ 

8-S 

+0.  3028  +14. 8w/ 

—0,4472  +  7'9«' 

8—  6 

+0.0313  — 

—0.0215  + 

12. 8«/ 

8-  7 

—0.003s  — 

+0.0076  — 

9.3«/ 

8-  8 

+0.0010  — 

0. 4»/ 

— 0. 0008  — 

0. 9w/ 

9—  3 

— 0.0028 

+0. 0003 

9—  4 

+0.0427  +  0.42^/ 

-0.0157  + 

0.  86«/ 

9-  5 

+0.0224  +  8. 8w/ 

—0.4305  — 

0.  6nt 

9—  6 

+0. 2324  — 

2.  ont 

+0.0588  + 

8.2W/ 

9-  7 

+0.0167  — 

S.6nt 

+0.0085  — 

5.2«/ 

9-  8 

— 0.0028  +  4.5«/ 

+0.0016  — 

4. 5«/ 

9—  9 

— 0.0002  +  o.4«/ 

0.0000  + 

0. 9«/ 

ic^  4 

+0.00278+  o.ogjnt 

—0. 00428+ 

0. 049«/ 

lo-  s 

+0.6841  — . 

21.  2»/ 

+1.3071  +14.  o«/ 

10—  6 

+0. 1929  + 

0.  int 

+0.0383  + 

3-7«^ 

lo-  7 

—0.0045  — 

4.  7«/ 

+0. 1 28 1 

0.  onf 

lo-  8 

— 0.0024  + 

i.6w/ 

+0.0121  — 

S.3«^ 

lo-  9 

— 0.0001  + 

2.  7«/ 

+0.0007  + 

l.6«/ 

II—  4 

+0.0001 

0.0000 

II-  5 

+0.0157  — 

0.  int 

+0.0093  + 

0.  2nf 

II—  6 

+0.0624  + 

0. 7«/ 

— 0.0476  + 

0.  Snt 

II—  7 

+0.0338  — 

1.5W/ 

+0.0798  + 

0.  7w/ 

II—  8 

— 0.0644  — 

o.3«/ 

+0.01 1 1  — 

2.  6nt 

II—  9 

— 0.0081  + 

3. 8w/ 

+0.0004  + 

0.  4«/ 

12—  6 

+0.0239  + 

0. 6w/ 

—0.0586  + 

0.  2«/ 

12-  7 

+0.0284  — 

0. 3w/ 

+0.0230  + 

0. 4«/ 

12—  8 

—0.0415  — 

0.  Snf 

+0.0280  — 

0.  Snt 

12-  9 

— 0.0146  + 

i.6«/ 

—0.0372  — 

0.  5«/ 

12—10 

— 0.0007  + 

0.  2nt 

—0.0023  + 

I.  8«/ 
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Calling  the  second-order  terms,  to  be  added  to  n6z  and  nSh  and  5k,  they  are 
determined  by  the  equations* 


ndt 


ndt    ~~     2\    ^    J    2\  dy^  ) 


It  therefore  remains  to  find  the  three  products,  (j^^^^^j  —  \(^^^^^^' 

The  factor  (j^^  of  tli^  fii'st  has  already  been  given  in  Chapter  II,  being  equivalent 
to  —2^,  and  it  is  easy  to  square  the  value  of  y  there  given.  The  expressions  of 
the  two  products  to  be  employed  in  determining  nS^z  follow : 


COS. 

sin. 

i'  i 

//  tf 

//  // 

0  0 

— 0. 2041+   0, 139S«^ 

—  0.  sejjn^t^ 

0 —  I 

+0. 0363—   0.  o523«3/3 

+0.  3266 

0 —  2 

— 0. 0140 —   0.  o8o4«^/2 

+0, 0300 —   0. 8636««/« 

0—  3 

+0. 01 10 —   0.  oo49«V2 

+0. 01 10 —  0.  o520»V« 

0—  4 

—  0.  ooo3«V« 

—    0. 0029««/« 

1+  2 

— 0.0180 

— 0. 0310 

— 0. 0637+   0.  mt 

+0.0484—  5.8«/ 

I  0 

+0.0672+  43.83«/ 

+0.0277—  26.99^/ 

I—  I 

+0. 0200+   6.  o5«/ 

—0.0184—  3-S4«^ 

I—  2 

— 0.0128+  30. 5«/ 

+  0.0102+  41,  !«/ 

I—  3 

+0.0030+  2.9«/ 

+0. 0080+    2.  ynf 

2+  2 

— 0.0060 

+0. 0030 

2+  I 

— 0.1070+  i.gnt 

+0. 0160+    0. 6nt 

2  0 

-^►.0582+  43- 

—0.0971+  48. 3«^ 

2—  I 

—0.0594+  70.32W/ 

+0.0727+197. 75«/ 

2—  2 

— 0.0175 —  37.  2nt 

—0.0030+  52. 5«/ 

2—  3 

+0.0010 — 192. 4«/ 

+0.0070+  88. 4«/ 

2—  4 

+0.0040 —  12.  3«/ 

— 0.0010+  4.8«/ 

3+  I 

+0.  003 

+0.034 

3  0 

+0.0073+  i.8«/ 

+0,6822+    5.  i«/ 

3—  I 

+0. 1512+  12.  i7«/ 

—0.0371 —  62. 55«/ 

3—  2 

+0.0486+  18.9111/ 

—0.0159—  2.99«/ 

3—  3 

+0.041  +  64. 

—0-053  +  ^•3»^ 

3—  4 

+0.004  +   9.  o«/ 

— 0.004  +  25.  ynt 

3-  5 

0.  ont 

+  I.2«/ 

**AuseinanderBet2ang,  Abth.  I,  s.  98,  gl.  (40). 
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COS. 


i 

// 

// 

H 

// 

o 

— 0.  oo8 

+   0. 3«/ 

 0.004 

0.  2nt 

4- 

I 

— 0. 0786 

+    6. 28w/ 

—0.0155 

6. 71W/ 

4- 

2 

+0. 0085 

+  i7.25«^ 

+0.  0382 

+ 

6. 65«/ 

4— 

3 

+0.0577 

+   8. 8w/ 

+0.  0402 

2.6«/ 

4— 

4 

+0. 082 

—  4.7«^ 

+0.  087 

+ 

17. 

4— 

5 

+0. 004 

+  7.7«^ 

+0.005 

+ 

0.  6nt 

5+ 

^ 

+  1.2«/ 

0.  4w/ 

^_ 

o 

+  22.  5W/ 

-fo.  0003 

+464.  o«/ 

+0. 0020 

— ] 

67. 4«/ 

5_ 

2 

— 0.000201—  86.  794«/ 

+0. 003721— 1 10. 4I4W/ 

5— 

3 

— — 0. 0064 

— 0. 0076 

+442.  9«/ 

5— 

4 

0. 014 

+ 109. 5"^ 

~o.  092 

76.  Oftt 

5_ 

5 

-|-o.  022 

4"  ^  I  •  ow/ 

— 0.  01$ 

2.  znt 

5_ 

6 

+   0. 8w/ 

2.5W/ 

6— 

I 

— 0, 0002 

+0. 0014 

6— 

2 

— 0, 0024 

  0. 19^/ 

+0. 0030 

6— 

3 

— 0. 0642 

+    I *  92^/ 

— 0. 0466 

I.OIW/ 

6— 

4 

— 0.  Olio 

0.  o«/ 

+0. 0321 

i.6«/ 

6— 

5 

-fo.  007 

+  o.7«/ 

— 0. 002 

+ 

2.  8«/ 

6— 

6 

— 0. 002 

+  I.OW/ 

— 0. 007 

I.  i«/ 

u — 

7 

—  i.o«/ 

0.5W/ 

7— 

2 

— 0. 0029 

+     0.  2W/ 

+0,0015 

0.  6«/ 

7— 

3 

+0. 0097 

+  I.6IW/ 

— 0. 0161 

+ 

0.  o7«/ 

7- 

4 

4-0.4458 

+   0. 5«/ 

—0.4738 

0. 4«/ 

^~ 

5 

— <5-i35 

—   0. 4«/ 

— 0. 107 

+ 

2.  onf 

7— 

— 0. 008 

+  0.7W/ 

— 0. 008 

+ 

0.  2W/ 

7— 

7 

— 0. 002 

—    0. 4w/ 

0.000 

0.  6«/ 

8— 

3 

+0. 0025 

—    0. 27W/ 

—0. 0015 

0.  i8w/ 

8— 

4 

— 0. 1461 

+  0.047// 

+0. 0306 

0.  20W/ 

o 

o — 

5 

—0.037 

— 0. 048 

8 — 

6 

— 0.014 

+0.012 

9— 

3 

+0. 0005 

+0.  OOOI 

9— 

4 

—0. 0077 

+   0.  o6«/ 

— 0. 0027 

0. 05W/ 

9— 

5 

— 0. 0035 

— 0.0612 

9— 

6 

— 0.048 

+0.014 

9— 

7 

0.000 

+0.004 

lO — 

4 

—0. 00065 

—   0. 368W/ 

—0.00033  + 

0.  io6w/ 

10 — 

5 

— 0. 1824 

+    0. 6nt 

+0. 3525 

0.  o«/ 

10 — 

6 

+0. 028 

+0. 022 

10 — 

7 

+0.004 

+0. 018 

II — 

5 

— 0.0019 

+0. 001 1 

6 

— 0. 0067 

— 0. 0050 

II — 

7 

—0.003 

+0.008 

II — 

8 

+0.006 

+0. 001 

12— 

5 

—0.0001 

0. 0000 

12— 

6 

— 0. 0023 

— 0. 0057 

12— 

7 

—0. 003 

+0. 002 

12— 

8 

+0. 004 

+0. 003 

12 — 

9 

+0.001 

— 0. 003 
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A  ti  -/  t  1  - 

COS. 

%*  i 

n 

II 

// 

II 

O  0 

-f  o.  0498 

—  0.0025«/ 

+  0.  2I7I«2/2 



0 —  I 

+0.  0143 

+ 

-fo.  0094 

-f  0.0200W«/2 

—  0.  oi04«V« 

0 —  2 

—  o.oi88«V» 

—  0. 2l63«^/2 

o—  3 

—  0. 0009«2/8 

  0.  OI04«^/2 

0 —  4 

0.  oooon^f^ 

—  0.0006«2/!l 

1+  I 

— 0.  ocx)8 

—  0. 5«/ 

— 0.001 1 

—  0. 5«/ 

I  o 

— 0.0180 

—  10. 26«/ 

— 0. 0074 

+  6.30/// 

I—  I 

— 0. 0043 

—  \,o^nt 

+0. 0060 

+  I. I9«/ 

I —  2 

-fo.  0015 

+  7.2«/ 

— 0. 0007 

+  9. 6«/ 

I—  3 

+  o.4»/ 

+  o.3«/ 

2+  I 

0.  ont 

—  0.4W/ 

2  O 

—0.0034 

—0. 0073 

—  7.6«/ 

2 —  I 

4-0.0150 

— 17. idnt 

— 0.0178 

-47-44W' 

2 —  2 

—0. 0023 

—  7.7«/ 

— 0. 0026 

+  4,  o«/ 

2—  3 

—45.  int 

+20.  *}nt 

2 —  4 

—  2. 5«/ 

+  \.ont 

3  o 

— 0.0019 

-f  0.  2«/ 

-f  0. 0059 

+  i.dnt 

3-  I 

—0. 0384 

—  3. i6«/ 

-f  0. 0140 

+  I5.86«/ 

3—  2 

— 0.0058 

—  3.66«/ 

— 0. 0008 

+  1. 15«/ 

3—  3 

-fo.  007 

-f  16.  \nt 

— 0.012 

+  i.6«/ 

3 —  4 

+  i.4«/ 

+  5.o«/ 

4—  I 

— 0.0012 

—  i.36«/ 

— 0.0009 

+  I.28«/ 

4—  2 

— 0. 0007 

—  3-9i«' 

— 0. 0098 

—  i.45«/ 

4-  3 

+0.0047 

+  i.2«r 

-f  0. 0062 

+  2.4«/ 

4—  4 

+0. 019 

—  \,2nt 

-f  0. 021 

+  4.  ^nt 

4—  5 

+  i-3«'' 

+  0.  \nt 

5-  I 

+  l^Znt 

—  0.  2nt 

5—  2 

— 0.000049+21. 8i8«/ 

—0. 001044+27. 546«/ 

5-  3 

— 0.0012 

—  0.  Znt 

— 0. 0039 

—  3- 

5 —  4 

— 0.005 

+26.  \nt 

— 0. 019 

— 24.  ont 

5 —  5 

-fo.  005 

+  2.o«/ 

— 0.004 

—  0.  %nt 

6—  2 

+  0. 04«/ 

+  0.  32«/ 

o—  3 

-f  0. 0003 

—  o.40«/ 

+0. 0007 

+  o.22nt 

o —  4 

— 0. 0027 

+  0,  5«/' 

+0.0102 

+  0.  int 

o —  5 

+0. 003 

-f  0.  2«/ 

0.000 

+  0. 4«/ 

7—  3 

— 0. 0008 

—  0.  38«/ 

+0. 0007 

—  0.  02«/ 

7-  4 

— 0. 0113 

+0. 0022 

7-  5 

— 0. 038 

— 0. 020 

8-3 

+  0,  o6«/ 

+  o.o5«/ 

8—  4 

+0. 0026 

+0.0006 

8-5 

-f  0. 007 

+0.012 

8—  6 

— 0.002 

+0.004 
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^2 

COS. 

sin. 

i'  i 
9-  5 
9 —  6 

//  // 

0.0000 
—0. 003 

//  // 
4-0.0015 
+0. 002 

10 —  4 
10-  5 
10 —  6 

— 0. 00005+0. 093«/ 
+0. 0023 
4-0. 014 

— 0. 00031 — d.  026«/ 

— 0. 0031 
+0. 002 

The  expression  for  —^(j^^  is  obtained  by  differentiating,  with  respect  to  7, 

the  terms  of  —  ^        which  has  ahready  been  employed  in  Chapter  II.    However,  in 
order  not  to  have  to  return  to  this  term  when  we  compute  the  third-order  terms,  I  have, 
before  this  differentiation,  added  to  the  latter  quantity  the  expression  for  —  ^ 
which  has  just  been  obtained.    The  expression  for  this  factor,  together  with  its  product 
by  ndz,  is  given  in  the  following  table : 


COS. 

sin. 

i'  i 
0  0 

// 

—7.1170+ 

0.  7274W/' 

// 

0 —  I 

--i.828o+63749«/' 

+  1.3209 — 69810/1/ 

4. 3356«V8 

7.  3S78«2/3 

0 —  2 

— 0. 4480— 

6i53«/ 

+  0,1175- 

6732W/ 

o.4i8o»«/2 

0.  ^og6nH^ 

0—  3 

+0. 0828+ 

50o»/ 

+  0.  1057— 

548/1/ 

0. 0340w«/'2 

0.  o577«2/s 

0—  4 

+0. 0098+ 

38«/ 

+  0,0205 — 

42/1/ 

0-  5 

+ 

3«^ 

1+  3 

— 0. 0327 

—  0.0260 

1+  2 

— 0. 2072— 

0.  2W/ 

—  0.  2038 — 

0. 8«/ 

1+  I 

— 0. 9517— 

I.0»/ 

+  0.5677+ 

5.5«/ 

I  0 

—1.8045+ 

28. 53«/ 

—  0. 8777— 

38. I9nt 

I—  I 

—3.4290— 

+  17. 3976— 

2. 76K/ 

I —  2 

—0. 0850+ 

2.0nt 

+  2.7063— 

9.  2W/ 

I—  3 

+0. 0850+ 

0.  2nt 

+  0.4148— 

i.4«/ 

I—  4 

+0.0745 

—  0.0188 

2+  2 

—0. 0689 

+  0.0123 

2+  I 

—0. 6706+ 

i.^nt 

—  0.0492 — 

2.  int 

2  0 

—I- 2173+ 

17. 9«/ 

—  1. 7481— 

16.  272/ 

2 —  I 

—2. 6878— 

35.58«/ 

+  0.  8470 — 

45. 89«/ 
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COS. 

sin. 

i'  i 

//  // 

// 

ft 

2 —  2 

— 126.0048 —  5.8«/ 

-  -^3^<>07i — 

30. 5«/ 

2—  3 

12.0046 —  17. 8«/ 

3.  2W/ 

2—  4 

0.  8632 —    2.  3«/ 

I.  OH^ 

2-  5 

0. 0646 

— '  0.  04.I7 

3+  I 

+ 

0.0177 —   0. 4«/ 

+    0.   1977  + 

0.  2«/ 

3  o 

+ 

0. 0421 —   4. 6«/ 

+  2-0173+ 

2.  4«/ 

3—  I 

0-3719—  I.32W/ 

+  0.0860  

ji.05«/ 

3—  2 

+  15.7381— 584. 7o«/ 

+21.0388+ 

337. 66w^ 

3—  3 

— 

12.0572—  64. 5«/ 

+  21.4071  + 

31, 6«^ 

3—  4 

1.6844 —    7. 4«^ 

+  2.  OOII  + 

16. 9W/ 

3—  5 

0. loio —   0,  o«/ 

+  0. 0908+ 

2.  iftt 

3—  6 

0. 0141 

+  0, 0104 

4  0 

— 

0. 0152—  0, 5«/ 

0.0000 

0.  on^ 

4—  I 

0.1436 —  i.66«/ 

+  0.0051  — 

I . 74«/ 

4 —  2 

+ 

0. 1546 —  63.06^/ 

H-  1-3338— 

0.  o6«/ 

4—  3 

— 

12. 5021— 121. 0«/ 

+  6,2950— 

346. 8«/ 

4—  4 

4. 7176 —  14. 4«/ 

+  6.9776— 

30. 

4—  5 

+ 

0.4239+   8.  i«/ 

+  1.0265+ 

o.9«/ 

4 —  o 

0.0093+  i.4«^ 

+  0.0960+ 

i.3«/ 

4—  7 

+ 

0. 0010 

+  0.0086 

5  o 

+ 

0.0209+  i*8w/ 

—  0.0162+ 

5—  I 

+ 

0.2148+  19.  o«/ 

—  0. 1767+ 

13.  i«/ 

5 —  2 

0. 0279 —   5.  548«/ 

+  0.0780— 

2. 898«/ 

S—  3 

78.  2787—812.  i«/ 

+  5.0079+3918.  6«/ 

5—  4 

+ 

8.  7461—199.  5«/ 

+  4-9450+  391- 9«^ 

5—  S 

+ 

3.9404—  16. 9«/ 

—  1.4236+ 

30. 6«/ 

5 —  " 

+ 

0-5961+  3-2«/ 

—  0.0776— 

5.  i«/ 

5—  7 

+ 

0.0550+  I.0«/ 

+  0.0236— 

0. 7«/ 

5 —  8 

+ 

0. 0051 

+  0.0015 

6-  I 

+ 

0. 0028 

—  0.0022 

6—  2 

+ 

,0.0077 —  0, 39«/ 

—  0.0046 — 

0. 27«/ 

6-  3 

+ 

0. 1920—  17. 98«/ 

+  0. 1204+ 

20. ignt 

6—  4 

0.4071—  87. 4«/ 

+  i-7"3— 

34- 

6—  5 

+ 

2. 1390—  13- 7«^ 

+  0.0531+ 

54.  i«/ 

0 —  6 

0.3128+    0. 2«/ 

—  1. 6130+ 

4,  9«/ 

6—  7 

+ 

0. 0345—    2.  6«/ 

—  0. 2965— 

2, 9«/ 

£  O 

0 —  0 

+ 

0,0151 

—  0. 0352 

6-9 

+ 

0.0019 

—  0.0026 

7—  2 

+ 

0.  0082 —    0.  2«/ 

—  0.0019+ 

0.  i«/ 

7-  3 

+ 

O.OII4—     2.  I«/ 

—  0.0168+ 

0.  7«/ 

7—  4 

+ 

1.0385—  48. 5«/ 

—  0. 9331— 

62, 7«/ 

7-  5 

+ 

0. 8054—  28.  i«/ 

+  0.2358+ 

28.  5«/ 

7-  6 

+ 

0.2442+  25. 7«/ 

—  1.0804+ 

I2.0«/ 

7-  7 

0.  7700+   2.  5«/ 

—  0.0408+ 

0. 3«/ 
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COS. 

sin. 

i'  i 

//  // 

'/  // 

7-  8 

— 0. 1502—  1. 9w/ 

— 0.0597+  i.4«/ 

7-  9 

— 0. 0161 

— 0. 0134 

7— lo 

—0.0013 

— 0.0017 

8-  3 

-|-o.  0007—  0.  i8w/ 

— 0. 0040 —  0.  05  «/ 

8-4 

— 0.4192+  1.59W/ 

+0.  0961  +  12. 93«/ 

-8-s 

— 0.  2288— 17.  2W/ 

—0.  3266+  9.  6w/ 

8—  6 

-|-o.  2274+14.  o«/ 

— 0.  3831+15.  8w/ 

8-  7 

—0-5384+  9-2«^ 

— 0.  2468—12.  6«/ 

8-  8 

—0.  1 121—  0. 3W/ 

+0.3481—  i.4«/ 

8^9 

—0.0539 

+0. 0721 

8— lo 

— 0. 0103 

+0. 0070 

9—  4 

— 0. 0280 —  0. 34W/ 

—0.0087+  0.  71W/ 

9-  S 

—0.0172—  9.4W/ 

^•3615—  0.  S«/ 

9 —  6 

—0.  1782+  i.6w/ 

+0. 0150+10.  2W/ 

9-  7 

— 0. 1926+11.  IW/ 

— 0. 1846 —  6.  2«/ 

9—  8 

—0. 1963—  5.o»/ 

+0.  2559—  6.  2nt 

9—  9 

+0.  1477—  0. 7w/ 

+0. 0952+  0.  7w^ 

9—10 

+0. 030J 

+0.  0383 

9-1 1 

+0. 0023 

+0. 0072 

10 —  4 

—0.0019 —  o* 

— 0.0018     0,  o«/ 

lo-  5 

— o-  5885+21.  ow/ 

+  1. 1161  +  14.  ow/ 

10 —  6 

— 0. 2162+  0.  9«/ 

+0.0804+  4.6«^ 

10 —  7 

—0.0167+  5-8w/ 

+0.0979+  0.  2W/ 

lo—  8 

— 0. 1329 —  1. 9«/ 

+0.0892—  7.  iw/ 

10—  9 

+0. 1094—  2.8w/ 

+0. 1364+  1.3W/ 

lO— lo 

+0. 0634 

— 0.0560 

10— II 

+0. 0244 

—0.0109 

lO— 12 

+0. 0040 

+0.  0001 

II-  5 

— 0.0119+  0.  int 

+0.0073+  0.  2W/ 

II—  6 

— 0.0627—  0. 7w/ 

—0.0478+  o.8w/ 

II-  7 

—0.0401+  I.  7«/ 

+0.0823+  o-9»^ 

II-  8 

+0.0413+  o.4«/ 

+0.0186        3.  2W/ 

II—  9 

+0.0329—  3.8»/ 

+0.0870+  0. 3w/ 

II  —  lO 

+0. 0846 

— 0. 041 1 

II— II 

—0.0173 

—0.0374 

II — 12 

—0, 0029 

— 0. 0137 

12—  6 

— 0.0216 —  0. 6w/ 

— 0.0551+  0.  2W/ 

12 —  7 

— 0.  0320-]-  0.  jHr 

+0.0228+  0. 4«/ 

12—  8 

+0. 0423+  0. 5w/ 

+0.0342—  0.  8«/ 

12—  9 

+0.0150—  I.  6«/ 

— 0.0113 —  0. 5w/ 

12— lO 

+0. 0539—  0. 3w/ 

—0-0057+  i.8w/ 

12— II 

— 0. 0082 

—0. 0495 

12—12 

— 0. 0209 

+0.0014 
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I 

2 

sin. 

cos. 

i'  i 

// 

// 

// 

o  o 

4-0.0001934- 

0. 2707«/ 

O —  I 

— 0. 0295 

—  22.  0«/ 

4-ori943 

0. 3«/ 

+  o.o336«2/« 

+ 

0.  oo84«V» 

0 —  2 

+0. 0065 

—  0. 7«/ 

4-0. 0265 

+ 

0. 9«/ 

4-  0.042 1  «v» 

— 

0. 43ii«»/» 

0—  3 

— 0.009 

4-   0. 6«/ 

4-0.009 

— 

0.  3«/ 

+   0.  oo39«V» 

0. 046o«»^» 

o—  4 

4-   0.  ooo5«V» 

0.  0042«V» 

0-  s 

0.  oooo«»^» 

0. 0002«»/» 

1-4-  2 

—0.014 

—  0. 6nt 

4-0. 021 

1+  I 

— 0.0360 

—  I.2«/ 

— 0. 0282 

+ 

7.  i«/ 

I  o 

+0.  OIOI 

4-    8. 52/// 

— 0. 0018 

+ 

5-43«^ 

I —  I 

— 0. 0088 

—  2.2I«/ 

— 0. 0084 

0. 99«/ 

I—  2 

4-0. 0073 

—  15. 9«/ 

+0.0055 

+ 

21. 3«/ 

I—  3 

— 0. 002 

—    2. 4«/ 

+0.006 

+ 

I—  4 

— 0.004 

— 0. 003 

2-^  2 

— 0. 007 

— 0. 003 

2+  I 

— 0.072 

4-    2. 4«/ 

— 0. 007 

+ 

5.3«^ 

2  O 

— 0. 0337 

4-  24.  5«/ 

+0.0571 

20. 9«/ 

2 —  I 

-f-o.  0005 

—   6. 47«/ 

+0. 0071 

+  17.25^/ 

2 —  2 

—0. 0061 

+  17. 

+0. 0062 

+  28. 1«/ 

2—  3 

— 0.001 

4-  99. 6«/ 

+0.004 

+ 

47.  o«/ 

2—  4 

— 0. 003 

4-  9.7«/ 

0.000 

+ 

4. 7«/ 

•J-t-  I 

+0. 002 

—  4.3«^ 

— 0. 039 

0.  2«/ 

3  0 

+0. 0050 

—  30. o«/ 

—0. 3992 

+ 

2.9«^ 

3—  I 

+0. 0086 

4-    1. 16«/ 

— 0.0004 

+ 

6.  40«^ 

3—  2 

— 0.0179 

—    4. 42«/ 

— 0.0165 

0. 83«/ 

3—  3 

— 0. 023 

—  32.  2nf 

— 0.032 

+ 

3.i«/ 

3—  4 

— 0.001 

—  6.3«/ 

— 0.002 

+ 

14-5'^ 

3-  5 

—    0. 2«/ 

+ 

I.  2«/ 

4  0 

— 0. 007 

4-   0. 6«/ 

+0.003 

+ 

0, 8«/ 

4—  I 

—0. 0504 

+0,  OIOI 

+ 

6. I3«/ 

4—  2 

— 0.0016 

—   2. 7i«/ 

+0.0009 

+ 

i.o8«^ 

4—  3 

—0. 0329 

—   4. 6«/ 

+0.0193 

+ 

0. 4«/ 

4—  4 

—0.045 

+  2.3«/ 

+0. 045 

+ 

9. 3«/ 

4—  5 

— 0. 004 

—  4. 8«/ 

+0. 005 

+ 

0.  6ni 

5  0 

— 0.001 

4-  25.  2«/ 

—0.001 

+ 

9.  mi 

5-  I 

— 0. 0057 

4-259. 3«/ 

— 0.0040 

+  94. 6w/ 

5-  2 

—0.015745—  3.290W/ 

-0.038551+ 

2.  342«/ 

5-  3 

+0.015 1 

— ii4.5«/ 

— 0. 0092 

+248. 

5-  4 

+0. 006 

~  62.  9«/ 

— 0. 046 

26. 8«/ 

S-  5 

-0.014 

—   8. 7«/ 

—0.013 

2. 0«/ 

5-  6 

—   0. 7«/ 

i.7«/ 
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sin. 

COS. 

i'  i 

//  // 

//  // 

6—  I 

+0.0004 

— 0. 0032 

6—  2 

— hj.  uo^o  —  0.  3"'*'^ 

'—0.  0035  ~T*  ^*  Oyftt 

+0.0418  —  2.  99«/ 

—0.0297  —  3.o6«/ 

6 —  4 

+0.0092  +  o.9«/ 

+0.0158  —  i.yfU 

6-5  ■ 

— 0.005   —  0.  i«/ 

0.000    +  I.2«/ 

6—  6 

+0.001    —  0.  7«/ 

— 0.004  —  o-  7«^ 

0—  7 

+  0. 6«/ 

—  0. 4«/ 

7-  2 

—0. 0061  —  0. 3«/ 

—0,0013  +  0.  6«/ 

7-  3 

— 0.0008  —  0. 84>*/ 

—0.0081  +  0.  io«/ 

7—  4 

—0.2645  +17. 8«/ 

—0.2776  +22. 4»/ 

7—  5 

+0.057    —  4.2«/ 

— 0. 068  —  2.  7«/ 

7-  6 

+0.006 

— 0. 007 

8-  3 

—0.0001  +  o.o8«/ 

—0.0009  —  o.09«/ 

8-4 

+0.0765  +  0. 68«/ 

+0.0162  —  7.75«/ 

8-  5 

+0. 030   —  2, 9«/ 

—0.036  —  i.6«/ 

o —  0 

+0. 01 1        0.  o«/ 

+0.003   —  o.6«/ 

9—  3 

—0.0002  +  0.  o5«/ 

— 0. 0004  —  0. 10«/ 

9—  4 

+0. 0038  —  0.  i8«/ 

—0.0011  —  0. 39«/ 

S^-  5 

+0.0023  —  3.8«/ 

—0-0377  +  0.  3«/ 

9—  0 

+0. 032    +  0.  2«/ 

+0.  008    —  2. 

9—  7 

+0.001 

+0. 003 

10 —  4 

—0.00002+  0.  i8i«/ 

+0.00006+  0. 036«/ 

10—  5 

+0. 1034  +26.  onf 

+0.  2050  — Id.  o«r 

lO —  O 

—0.007    +  2. 3«/ 

+0.022    +  i.3«/ 

10 —  7 

— 0.002     +  2.0W/ 

+0.015    —  0.  7«/ 

5 

+0.  OOC5 

+0. 0004 

11—  6 

+0.0041  —  0, 5«/ 

—0.0031  —  0. 5«/ 

11—  7 

+0.002  +  0. 5«/ 

+0.006   —  0. 4«/ 

II—  8 

— 0.004 

+0. 001 

12-  5 

+  0.02W/ 

+  o.03«/ 

12—  6 

—0. 0023      0.  onf 

+0.  0066  +  0.  !«/ 

12 —  7 

+0. 002 

+0.  002 

If  we  now  add  the  three  portions  of  which  have  just  been  given,  we  shall 

have  the  value  of  this  quantity.  In  SWq  we  give  ko  such  a  value  that  nS^js  may  have 
no  term  proportional  to  and  ki  and  are  so  assumed  that  the  terms  having  the 
argument  g  may  vanish.  For  this  it  is  found  necessary  to  put  ki  =  —  o''.4862  and 
=  —  o".8i7o.  In  integrating  the  terms  depending  on  the  arguments  5g^—2g  and 
log'—^g  we  have  equated  the  motion  of  the  latter,  and  have  proceeded  in  a  way 
precisely  similar  to  that  followed  in  deriving  SW^  from         By  joining  the  first  order 
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with  the  second  order  terms,  it  is  found  that,  as  far  as  these  two  arguments  axe  con- 
cerned, we  have 

d .  ndz  " 
l^^^    =    [5'S843S  +  0.0100089671^]  cos  (  5/7'  —  2g)  +  [—  14.13462  +  o.oo596i65«<]  sin  (  ^g*  —  2g) 

+  [0.16091  +  0.0000453771^]  cos  (lo^f'  —  4/7)  +  [      0.17236  —  0.0000354271^]  sin  (10^'  —  4^) 

Setting  aside  quantities  of  the  third  order  this  expression  can  be  replaced  by  the 
following : 

-^^=    [{1.1849912)- (7.2193138)71^]  COS  [  ^gf^2g+  67  23  51.22 -(6.8768938)71^] 
+  [(9-37255    )  +  (4.705S     )nt]  cos  [10^7'  -  4flf  +  313    I         -f-  (6.3858  )nt] 

The  integrating  factors  for  the  equated  arguments  are  given  by 
log  /i  =  1.8970002  log  /i  =  1.56699 

After  neglecting  certain  quantities  of  the  third  order  the  integrated  expression 
can  be  put  under  the  form 

//         //  //  // 

ndz=^    [473.7148  +  0.78567171^]  sin  (  5^/— 2^)  +  [    1111.0597  —  0.47702771*]  cos  (  5^'— 2^) 

+  [    5.9424 +  0.00167371^]  sin  (10^'  — 4^)  + [—     6.3550  +  0.00130871*]  cos  (10^'— 45^) 
By  subtracting  the  corresponding  terms  of  n5^,  found  in  Chapter  II,  we  get 

ndH—    [51.3265  +  0.78567171*]  sin  (  5^'—  2^)  +  [    118.2806  —  0.47702771*]  cos  (  ^g*  —  2g) 
+  [  6.9725  +  0.00167371*]  sin  (10^'  —  4g)  +  [—    7-3774  +  0.00130871*]  cos  (10/  —  4g) 

If  we  add  the  two  portions  of  we  have  the  value  of  this  quantity.  In 

integrating  we  are  obliged  to  derive  the  constant  term  of  <Sr  from  another  equation. 
It  is  known  that  this  term  is  the  same  as  that  of  the  expression* 

 ^0  is  equivalent  to  the  negative  of  the  sum  of  the  constant  terms  of  5Wo, 

C^}^^^'  ^^'^  A:o  = +  o''.ioi8.    It  has  already  been   stated  that 

^i  =  — o".4862.    In  computing  the  constant  term  of  +        it  is  necessary  to 

take  into  account  only  the  terms  corresponding  to  the  ten  arguments  having  the 

di 

largest  coefficients.  We  make  use  of  the  expressions  for  and  v  given  in  Chapter 
II.  It  is  found  that  this  constant  term  is  +o".i2  25.  The  constant  term  of  has 
already  been  found  to  be  +o''.0498.    Thus,  the  constant  term  of  Sv  is  +o''.o67i. 
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The  values  of  nS^z  and  6v  follow.  The  proper  number  of  decimals  has  been 
restored  to  the  coefficients  multiplied  by  nt  and  ifi^t^ : 


Are  t'fl'+i(7 

n52^ 

Bin. 

COB. 

t'  t 

//  // 

//  // 

0  0 

-}-.ooooo3i82wV« 

— .  00000041 53«3/s 

I 

— .  2S6776«/ 

— .  226275W/ 

+.  oooo87035«V 

— . oooi47259«2/* 

0 —  2 

+0. 1531— .  oo3io8«/ 

+0.  1 140 — .  002723«/ 

-}-.oocooi54i«V2 

— .000007I73WV5 

0—  3 

— 0. 0343 — .  oooo75«/ 

-|-o.  0307 — .  oooo66w/ 

000000045  «V 

— .  00000025 

0 —  4 

+0.  0005 — .  000002«/ 

-f  0.  0023 — .  000002«/ 

+.  OOOOOOOOIW*/* 

— .  0000000 1 0«*/2 

I_L  A 

— 0. 0002 

-fO.  0001 

1+  3 

—0. 0043 

-)-o.  0026 

I-f-  2 

— 0. 063 1    .  oooooow/ 

-|-0,  I032+»  000002W/ 

14-  I 

—0.  7000—.  oooo34«/ 

— 0.  6043+.  oooi49«/ 

I  0 

—  i.2437+.ooi758«/ 

-J-i.  oo53-f-'  oo2i30«/ 

I —  I 

— 0. 3651-]-.  oooo49«/ 

— 0,  5446 — .  000082W/ 

I —  2 

-fo.  2285—.  000269^/ 

+0. 1214+.  ooo269«/ 

I —  3 

— 0.  0216—.  00001 2«/ 

+0. 061 1 +.  ooooo8w/ 

I—  4 

—0.0146 

— 0. 0104 

— 0. 0107 

— 0.  0061 

2-f-  I 

— 0. 4225+.  ooooi6«/ 

— 0. 0440-}-.  000009W/ 

2  0 

— 2. 3423+.  ooo882«/ 

+4. 0897—.  000056W/ 

2 —  I 

—0. 5817-j-.  012769W/ 

— I.  444.2 — .  020'^IQK/ 

2 —  2 

— 0. 1487+.  ooo424«/ 

+0. 2580 — .  0000I3W/ 

2 —  3 

— 0.0194+.  ooii44«/ 

-fo.  0727+.  000480K/ 

2-  4 

— 0. 0265 +.  oooo48«/ 

— 0. 00424-.  ooooiSw/ 

2-  5 

— 0.0010 

— 0. 0002 

3+  I 

+0. 0067—.  000001 «/ 

—0. 0535   .  oooooow/ 

3  0 

— 0. 0024 — .  00005 2«/ 

— 3. 160I — ,  000084W/ 

3—  I 

— 2. 8597—.  oo25o6«/ 

—2.2157—.  003737«/ 

3—  2 

— 0. 0403 -|-.  oi8630«/ 

— o-  1725+.010703W/ 

3—  3 

— 0. 0712 — .  000225«/ 

—0. 0584-}-.  000I3IW/ 

3-  4 

— 0. 0301 — .  000026«/ 

— 0. 0015+.  000149W/ 

3-  5 

— 0.  0007 +.  000002«/ 

— 0. 01 154-.  ooooo6w/ 

4  0 

— 0. 0138 — .  O00001«/ 

4-0. 00754-.  oooooiw/ 

4—  I 

—0. 6652—.  oooi35«/ 

4-0. 157I+.000035W/ 

4—  2 

— 0. 1439+.  008464^/ 

4-0.  23654-,  oooo7i«/ 

4—  3 

— 0. 2 140+ .  001 1  97k/ 

4-0. 0632 — .  003658/// 

4—  4 

— 0. 0430-]-.  000059W/ 

4-0. 03464-.  oooo44«/ 

4-  5 

— 0. 0038—.  000044W/ 

— 0. 00894-.  000009W/ 

4-  6 

-f-o.  0056   .  oooooow/ 

—0. 00154-.  oooooi«/ 
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ATg—i  g  -\-xg 

bId. 

COS. 

ll  z 

%  % 

//  // 

5  0 

-j-  o. ooi8-|-.oooii6/// 

0. 0005+.  oooo36»/ 

5 —  I 

-1-  o.  1461-!-.  OO4006«/ 

— ^~D.  0482+.  ooi397«/ 

5 —  2 

+(;i.  ^26q-!-.  78«;67i«/ 

4-1 18. 2806—.  477027«/ 

5—  3 

— 

i.4i96-|-.o84928»/ 

5—  4 

—  0. 0745-I-.  ocx>i88«/ 

— 

0. 1061-I-.  ooo536n/ 

5-  5 

—  0. 0087 — .  000025K/ 

— 

0.  oo93-|-.ooooi8n/ 

5—  6 

+  0. 0037— .  ooooo7«/ 

0. 0016 — .  ooooi5»/ 

5-  7 

+  0. 001 1—.  00000 1 «/ 

J. 
-r 

6—  I 

4-  0.0006 

+ 

0.0003 

6—  2 

4-  0,  0440-!-.  0000'?7«/ 

+ 

0. 0424—.  oooo98«/ 

6-  3 

+  0,  65^^-!-.  O0IO'?4«/ 

— 

0.  5307 — ,  001204«/ 

6-  4 

—  0, 02 17-]-.  0007 1 3«/ 

— 

0. 0132 — ,  000307^/ 

6—  5 

-|-  0,  oo49-{-.  oooo27«/ 

+ 

0.  OO59+.  000213«/ 

6 —  6 

+  0. 0029— .  ooooo5«/ 

0.  UOlO-f-.  UOUUU27/f 

6-  7 

+  0. 0007+.  ooooo5«/ 

+ 

0. 0007—.  ooooo6«/ 

7 —  2 

+  0.0160 — ,  ooooo4«/ 

+ 

0.  oo844-.oooooi«/ 

7—  3 

—  0. 8276-)-.  ooi403«/ 

— 

2.  i955-|-.ooo509«/ 

7—  4 

—  2. 8854-I-.  ooo6o4«^ 

— 

2.  7617 — .ooo9i3«/ 

7—  5 

4-  0,  o';4'?+.  oooi26«/ 

— 

0.  io584-.oooi64«/ 

7 —  6 

+  0. 0055— .  000072«/ 

0. 0027-I-*  000027^* 

7—  7 

—  0.0006  ,oooooont 

*  + 

0.  0003—.  000002«/ 

7—  8 

—  0. 0006+ .  ooooo3«/ 

0. 0003—.  00000 1 «/ 

8-  3 

—  0, 2491-]-.  OOOIIIW/ 

— 

0. 1729 — .  000024W/ 

8—  4 

-|-  2.0006 — .  oooo55«/ 

+ 

0. 4877+.  000425^/ 

8—  5 

4-  0. 2492-|-,oooii7«/ 

— 

o-  3730+-  oooo58«/ 

8 —  6 

4-  0.0183— .oooo49«/ 

0.  ooo34"«  000055^^ 

8-  7 

—  0. 0005— .  ooooi4«/ 

+ 

0.  0018 — .  000023«/ 

8—  8 

4-  0.0005-I-,  oooooiw/ 

0. 0009 — ,  000001 «/ 

9—  3 

—  0.  0098-)-.  000002W/ 

+ 

0.0016  .oooooow/ 

9—  4 

4-  0.  ?'?6q-!-.  00004 

0. 1485 -|-.  oooio5«/ 

9—  5 

-\-  0.  0201 -|-.  0001 02»/ 

0-  5507— .ooooo9«/ 

9—  6 

-|-  0. 1413— .  ooooo9«/ 

+ 

0. 0404+,  000044/;/ 

9-  7 

4-  0. 0041— ,  oooo25«^ 

+ 

0. 0040— .00001 7«/ 

•0—  8 

—  0. 0005 +.0000 1  o«/ 

0. 0005—,  ooooo9«/ 

lo—  4 

-1-  6.9725+.ooi673«/ 

7-3774+-OOI308/Z/ 

lo—  5 

4-  1 .  6 1 20 — .  000446^/ 

+ 

3.  ioi4-f-.  000292/7/ 

lo—  6 

+  0. 1043-I-.  000003/;/ 

+ 

o-  0235-I-,  000023/^ 

lo—  7 

—  0.0048 — .  00001 7«/ 

+ 

0.0540  .oooooo«/ 

lo—  8 

—  0.0002 -{-.0000047// 

+ 

0. 0017 — .000014^/ 

lo —  9 

0. 00004- .  000002«/ 

+ 

0. 0009+ .  000001 /?/ 

II—  4 

+  0.0014 

0. 0049 

II-  5 

-|-  0,0841 — .  ooooo5«/ 

+ 

0.  o563+.ooooii«/ 

II—  6 

+  o.o634+.ooooo6»/ 

0. 05  20+.  000006/7/ 
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sin. 

COS. 

i'  » 
II—  7 

II—  8 

II—  9 

//  // 
-f-o.  0184 — .  000007W/ 
— 0, 0220   .  oooooow/ 
— 0. 0003+ .  000005  «/ 

//  // 
+0. 0412+.  ooooo5«/ 
+0. 0031—.  000007M/ 
+0. 0001    .  oooooow/ 

12—  S 

12   6 

12—  7 
12—  8 
12 —  9 
12 — lO 

+0. 0806+ .  000001 
+0. 0379+.  00001  in/ 
+0. 0185 — .  000002  w/ 
— 0. 01 59   .  oooooow/ 

— 0.  OO44+,  OO0O02W/ 
— 0.  OOOI  +  .  OOOOOIW/ 

+0. 0047-I-.  00001 1«/ 
— 0. 0962-I-,  ooooo3«/ 

+0.  OI45+.  OO0002«/ 
+0. 0116— .OOOOOIW/ 
— 0. 0077—.  OO0O0I«/ 
— 0.  OOO4+.  OO0002«/ 

COS. 

sin. 

i'  i 

//  /' 

ft  n 

0  0 

+.  oooooo35onV2 

0 —  I 

+0. 0845—.  I285i4«/ 

+0.0628+.  ii3ioi«/ 

+  .  000043692«2/2 

+.oooo73493«V« 

0   2 

—V.  UOj^"^.  KAJZf  l*^Tlt 

+.oooooi255«V« 

-|-.  OOOOO3929WV* 

0—  3 

— 0. 0272 — .  0001  io«/ 

— 0. 0273+.  OOOIOO«/ 

-|-.  00000005 1 

f .  000000217^2/2 

0—  4 

— 0.  00 1 2— .  000005 

— 0. 0032+,  ooooo4«/ 

4-.oooooooo3w2/« 

+  .  00000001 3w2/2 

1+  2 

4-0. 0544+.  000003W/ 

+0. 0779+.  000005W/ 

1+  I 

+0. 4368+.  000025«/ 

— 0. 3703+.oooii8«/ 

I  0 

+0. 3004—.  ooo46o«/ 

+0. 2230+.  000502W/ 

I—  I 

— 0. 1 165 — .ooooo5«/ 

-|-o.  i858+.oooo47«/ 

I —  2 

+0. 1551— .  0001 15«/ 

—0. 0836—.  oooo98«/ 

I—  3 

— 0. 0176 — ,  OOOOIOW/ 

— 0. 0504 — .  000004M/ 

I—  4 

-0.0135 

+0. 0086 

2+  2 

+0.0126 

— 0. 0054 

2+  I 

+0.  3063—.  ooooiSw/ 

— 0. 0215+.  oooo37«/ 

2  0 

+1. 0147 — .  000471W/ 

+1.  7470—.  000070W/ 

2—  I 

— 0. 0342+ .  ooi342«/ 

-1-0,  l80I+.OO2O0I«/ 

2—  2 

— 0. 0977+.  0001 79«/ 

— 0.  iS57+.oooo44«/ 

2—  3 

—0. 0178+.  ooo503«/ 

— 0.  061 5 — .  000202«/ 

2—  4 

— 0.  O237+.  O00022«/ 

-[-0. 0027—.  000007W/ 

3+  I 

— 0.  0053+.  000020W/ 

— 0. 0585—.  OOOOOIW/ 

3  0 

0.  0000+.  000288«/ 

—1. 8180+.  ooooo9«/ 

3—  I 

+0-  33S9+-000465W' 

— 0. 3 1 7 1 — .  000509W/ 
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COS. 

sin. 

i'  * 

//  // 

//  // 

7 —  2 

— 0. 0209-f-  •  007833^/ 

4-0. 0744 — .  0045 1 2W/ 

— 0. 0424-(-.  000015^/" 

— — |-o.  0310 — .  0001  ion/ 

•J   A 

J  *r 

— 0. 0253—.  ooooogw/' 

4-0. 0015 — .  oooo86«/ 

-1   C 

O  D 

— 0.O0I34-.00O0O1K/' 

4-0. 0105 — ,  000006K/' 

4  0 

-|-0.  0109 — .  000002k/ 

4-0. 00524-.  ooooo5«/ 

-f-o.  22654-.  000034W/ 

4-0. 05 104-.  00007  8w/ 

4 —  2 

— 0. 0340-)-.  001972^/ 

—0. 05194"*  000048K/ 

—0.  1263-}-.  000750W/ 

—0. 035 1 4~'  002262W/ 

4 —  4 

—0.  0232-}-,  000040W/ 

— 0.  oi  i74~*  000021^/" 

4 —  <; 

— 0, 0036 — ,  000029^/ 

4*0. 0092 — .  000007K/' 

4—  6 

4-0, 0054 

4-0.0016 

5  o 

— 0. 0015 — .  000130W/ 

— 0. 00124-.  000042W/ 

— 0. 0688 — .  002741^/ 

— 0. 02824-.  ooo8o3«/ 

c   2 

-|-o.  0195 — .  004003W/' 

4-0. 0470 — .  003199W/ 

^ —  7 

J  J 

— 2.  8617+.  0071 13W/' 

4-0. 70H — .  042382K/ 

1 —  4 

— 0. 07794**  000379^/ 

4-0. 0003 — .  OOOo7iSw/ 

S —  S 
J  J 

— 0. 0055 — •  000007W/ 

4-0, 00764-*  000030^/ 

5—  6 

4-0.  0049—.  OOOOO7W/' 

4-0. 00244-.  OO0OI3W/' 

5 —  7 

+0.  0013—.  0OO0O2W/ 

— 0.  OO264-.  OOOOOIW/ 

6 —  I 

— 0,  0008 

— 0.0015 

6—  2 

—0.  OOOo-^,  000002K/ 

4-0. 0096—.  00002  Ik/ 

6—  3 

4-0.  2 1 344"  •  0003 1 6«/ 

4-0.  175^ — •  000340K/ 

6—  4 

— 0.  oi554~*  000487K/' 

4-0.  021 14-*  OOOI98K/ 

6—  5 

4-0. 0068  4".  000029W/' 

4-0, 0005 — .  oooi68«/ 

6—  6 

4-0. 0017—.  ooooo3«/' 

4-0. 0010 — .  ooooo6«/ 

6—  7 

4-0. 00164-.  000003W/' 

— 0. 00154-.  000004W/ 

7 —  2 

— 0, 00134-.  ooooo6w/' 

4-0. 0035  4-.  ooooo4«/ 

7 — 

— 0. 14214-.  O0OI3IW/ 

4-0. 2932 — .  oooo49«/ 

— 1. 64564-.  000245K/' 

-|"i-5693-f"-ooo3i6K/ 

7 —  S 

— 0. 00264-.  000075W/ 

4-0. 0782—.  OOOIOIW/ 

7—  6 

4-0. 0047 — .  000062K/ 

4-0.  0005 — .  000024«/ 

7 —  7 

4-0. 0004—.  000003W/ 

—0.  0005 — .  00O0O2W/ 

7—  8 

— 0.  0005  4-.  00O0O2M/ 

— 0.  0007 — .  OOOOOIW/ 

4-0. 0492—.  00001 9K/ 

— 0.  0306—.  OO00I2W/ 

8—  4 

4-0.  8527—.  OOOOI2K/ 

—0. 1940 — .  000077W/ 

8-  5 

4-0. 18714-.000067W/' 

4-0. 2716 — .000035W/ 

8—  6 

4-0. 0152—.  00004IW/ 

4-0. 0067—.  OO0044W/ 

8-  7 

— 0. 0009 — .  0000 1 6«/' 

— 0. 00204- .  00002 1  w/ 

8-  8 

4-0. 0002—.  OOOOOIW/ 

4-0.  OOO24-.  00O0O2W/ 

9—  3 

4-0.  0048—.  OOOOOIK/ 

 0.  0002 — .  000002W/ 

9—  4 

4-0. 12374-.000007K/' 

4-0. 0447—.  0000 1 3w/ 

9-  5 

4-0, 01 794".  000036K/ 

4-0.  34024- .  00O0O2W/ 
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CALCULATION  OF  THE  PORTION  OF  SV  NOT  FACTORED  BY  n*t 

We  have  now  to  go  through  the  same  processes  for  Saturn  as,  in  the  three  pre- 
ceding chapters,  we  have  gone  through  with  for  Jupiter.  In  determining  the  portion 
of  6T\  which  follows,  a  table  of  limits  for  the  retention  of  terms  for  each  argument 
ity'  +  ^y  +  ^5^  was  computed  from  the  formulae 

t'n'  +  in    (i'  ±  I )    +  in 


and  only  those  combinations  were  retained  in  which  at  least  one  coefficient  exceeded 
this  limit.  It  has  been  deemed  advisable  to  give  separately  the  eight  products  whose 
sum  forms  6T' : 


Arer= 

B'(y'— 

c')  +  XV 

F'ndz 

.-0) 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

i* 

i 

// 

// 

// 

// 

// 

// 

// 

O 

0 

o 

— 0. 1065891 

+0. 1095091 

— 0. 0118202 

+0. 0118041 

—  I 

I 

o 

— o.  3380 

—0. 043029 

+0.9159 

— 0. 100097 

—0. 1120 

— 0. 001867 

+0.  3291 

— 0. 001759 

—  I 

2 

0 

— 0. 005 

— 0. 003 

+0. 288 

—0.275 

+0. 002 

+0.  721 

+0.061 

— 0. 309 

0 

I 

0 

—0. 2784 

—1. 1850 

— 0.  5461 

+0. 9867 

—0. 2507 

— 0. 4566 

—0.1331 

+0. 3765 

I 

0 

o 

+  1. 018231 

376723 

+0. 337326 

— 0. 723162 

+0. 320340 

-0. 088791 

+0.114485 

— 0. 1 901 84 

— I 

3 

o 

-f-o.  106 

— 0. 112 

+0. 026 

— 0. 008 

+0. 050 

— 0. 074 

+0.047 

+0. 018 

0 

2 

0 

—1.376 

+2.281 

— 0.409 

+0. 555 

—0*  352 

+0. 666 

—0.  103 

+0. 072 

I 

I 

o 

+2. 220 

—3-  923 

+0.571 

— 0. 890 

+0.411 

— 0.  770 

+0. 084 

—0. 105 

— I 

4 

o 

— 0. 008 

— 0.  207 

+0. 048 

+0. 032 

— 0.021 

-0.175 

o 

3 

o 

+0.377 

+3-904 

— 0. 149 

—0.183 

+0.  044 

+  1.561 

— 0, 005 

— 0.  022 

I 

2 

o 

— 0. 267 

—7.003 

+0.047 

+0.  245 

— 0.019 

-1.893 

+0. 003 

+0. 031 

— I 

5 

o 

—0.97 

+0. 18 

o 

4 

o 

+  1. 17 

—0. 24 

+0,03 

0.00 

+0.95 

—0.  i8 

I 

3 

o 

—0.713 

+0. 298 

— 0.006 

— 0. 004 

— 0.  294 

+0.  120 

o—  4— 

I 

— 0. 10 

— 0. 02 

—0.  12 

— 0. 03 

2 — 

I 

— 0. 25 

— 0. 20 

— 0.  11 

— 0.  08 

3- 

I 

+0.05 

+0. 14 

+0.05 

+0.  08 

I — 

I 

+5. 699 

—1.268 

— 0. 206 

+0. 025 

+  1.757 

— 0.  396 

— 0. 031 

+0.001 

0 — 

2 — 

I 

-3.76 

+0.  87 

+0.  14 

— 0.01 

-1.53 

+0. 35 

+0. 02 

0.00 

I— 

3— 

I 

+0. 46 

— 0.  u 

+0.  29 

— 0. 07 

—I 

0 — 

I 

+3-321 

— 2. 701 

4-0.585 

— 0. 602 

+0.715 

—0.567 

+0. 080 

— 0.  083 
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A'n' 

B'(i.'  — o')  +  XV 

F'nSz 

—  0; 

Arg= 

Bin. 

sin. 

sin. 

Bin. 

COS. 

COS. 

COS. 

coa. 

H    i'  i 

// 

// 

// 

// 

// 

0 —  I —  I 

2.373 

+  1.807 

—0.441 

+0. 495 

—0.  680 

+0. 430 

— 0. 091 

+0.  107 

1 —  2 —  I 

0.  229 

— 0.  272 

+0. 068 

—0. 0S2 

+0.  no 

+0. 025 

+0.  023 

— 0. 0^6 

— I      I —  I 

1-544 

—1.833 

+0.457 

-0. 379 

+0,  369 

— 0. 473 

+0. 078 

— 0. 143 

0     0—  I 

0. 956 

+  1.  234 

-0.  365 

+0. 423 

—0.403 

+0. 446 

—0,  058 

+0.  227 

+ 

0. 041 

— 0. 124 

+0. 082 

—0.174 

+0. 138 

— 0.  143 

+0.004 

— 0.  108 

— I      2 —  I 

+ 

0. 2334 

— 0. 6170 

+0.  3490 

+  1.3286 

+0.  2540 

+0.  9889 

— 0. 1740 

— 0.  8917 

0     I —  I 

0.193 

+0. 198 

-0. 147 

— 0. 189 

— 0.  204 

— 0. 781 

+0.  197 

+  1. 037 

I  0 —  I 

0. 106 

+0,  200 

— 0.  239 

—  1.342 

+0. 006 

+0. 076 

—0.  104 

— 0. 497 

— 1     3 —  I 

+ 

0. 4920 

— 0.  0761 

—0.  0679 

+0.  2581 

—0.  2312 

-0.  2533 

+0. 2597 

+0.  20^6 

0     2 —  I 

+ 

0. 0391 

— 0.  3377 

— 0. 3581 

— 0.  2419 

+0.  1212 

+0. 1052 

— 0,  3089 

— 0.  '^240 

1      I—  I 

+ 

0. 7886 

+0.  6734 

+0.  5047 

+0.0995 

+0.  0591 

+0. 0750 

+0. 1532 

+0. 1772 

— I     4—  I 

0. 0283 

— 0.  0704 

+0.  3058 

+0. 1 1 04 

— 0. 0986 

+0. 0204 

+0. 0549 

+0.  0067 

0     3—  I 

+ 

2. 6870 

+0.  2307 

—2. 0576 

— 0. 7217 

—0.  1070 

— 0.  1974 

—0. 1688 

— 0,  0505 

I      2—  I 

0.5773 

+0.  7208 

+  1.6494 

+0. 5672 

+0.  4009 

+0.  2232 

+0. 1629 

+0.  0441 

—I     5—  I 

+ 

0. 003 

— 0.  058 

— 0. 091 

 igi 

oou 

— 0. 098 

+0.  104 

0     4—  I 

+  10.082 

-1.976 

4o* 

-La    I  iS 

0.  077 

+0. 1 1 1 

— 0.  108 

I     3—  I 

1-5994 

-f  0.  3047 

—0  126(1 

 0  lA'i^ 

— 0.  343^ 

-Ln  rtT^fi 

-0.0557 

+0.  0386 

—I     6—  I 

0. 073 

—0.  043 

+0.  002 

00 1 

— Lo  m  C 

0     5-  I 

— 

0. 004 

+0.  009 

 016 

+0.  008 

0  000 

0.  000 

I     4—  I 

0-313 

— 0.  122 

-|-o,  014 

007 

+0.  125 

— 0.  045 

+0. 004 

— 0.  002 

—I     7-  I 

0.004 

— 0.  021 

— I —  I —  2 

+ 

0.  22 

— 0. 38 

+0.09 

— 0.  16 

0 —  2 —  2 

0. 18 

+0.  18 

 0.  10 

+0.  10 

I —  3 —  2 

+ 

0. 03 

— 0.  02 

— 1  0 —  2 

+ 

1.87 

+3-95 

— 0. 05 

— 0.  17 

+0.61 

+  I.3I 

0 —  I —  2 

1. 41 

—2.88 

+0. 03 

+0.  12 

—0.57 

—I.  19 

I —  2 —  2 

+ 

0. 23 

+0. 40 

+0.  12 

+0.27 

—I     1 —  2 

+ 

2-93 

+2.  21 

+0.49 

+0.31 

+0.  66 

+0.52 

+0. 06 

+0.  05 

0  0 —  2 

2. 25 

—  I.  70 

-<J.  39 

— 0.  24 

— 0.  66 

— 0.  50 

— 0. 07 

— 0.  05 

I —  I —  2 

+ 

0. 37 

+0,  23 

+0.  08 

+0.05 

+0.13 

+0. 08 

+0.01 

+0.  01 

— I     2 —  2 

1.977 

+  1.000 

+0.451 

+0.  271 

+0.512 

+0.  249 

+0, 107 

+0.  013 

0     I —  2 

1.463 

— 0.  706 

— 0. 379 

— 0.  200 

— 0. 479 

— 0.  219 

— 0.  119 

— 0.018 

I  0 —  2 

+ 

0.  21 

-l-O.  oq 

+0.09 

— 0.  03 

+0.09 

+0.03 

+0.  01 

0.  00 

— I     3 —  2 

+ 

0.  766 

+0.  125 

-1.500 

+0.  751 

— 0. 009 

+0. 088 

+0. 069 

— 0. 006 

0     2 —  2 

0.511 

— 0.  052 

+  1.361 

— 0.  686 

— 0.  273 

+0. 046 

— 0. 312 

+0. 113 

I     I —  2 

+ 

0.032 

— 0. 028 

— 0. 02 1 

+0. 022 

+0. 359 

— 0. 136 

+0. 327 

— 0. 137 

— I     4 —  2 

+ 

0. 1255 

— 0.  ^28^ 

—0. 4340 

— 0.  2016 

— 0. 0636 

+0.  0545 

+0, 0266 

—  0. 1 177 

0      —  2 

+ 

0. 294 

+1.536 

+0. 453 

+0. 429 

+0. 129 

+0.  416 

+0. 020 

+0. 173 

I     2 —  2 

0.  248 

+0.  247 

—0. 076 

— 0. 031 

—0. 127 

—0.571 

— 0.059 

— 0. 130 

-I     5-  2 

+ 

0. 09308 

+0. 87656 

+0.09341 

— 0. 96932 

+0. 1 1520 

— 0.  73773 

— 0. 09099 

+0.  71614 

0  4—2 

+ 

0. 0757 

— 0.  1189 

—0. 0007 

— 0. 0308 

— 0. 0515 

+0.  6485 

+0. 0918 

— 0. 8377 

I     3-  2 

0.3124 

+1.6932 

—0, 1003 

+  1-0233 

— 0. 0423 

— 0. 1092 

— 0. 0299 

+0.4125 

—I     6—  2 

1.47830 

i-S' 233^3 

— 0. 01846 

+0. 02240 

— 0. 00039 

— 0. 00314 

+0. 00594 

+0. 00330 

0     5-  2 

0. 0843226 

— 0. 0616656 

+0. 0460054 

+0. 0836682 

+0.0010169 

+0.0091938 

— 0. 0069360 

— 0. 0089510 

I     4—  2 

+ 

1.29547 

+3. 02602 

—0. 05540 

— 0. 12780 

—0. 00279 

+0.01556 

+0. 00668 

— 0. 02291 

—I     7—  2 

+ 

0.  S50 

+0.483 

+0. 003 

+0.003 

— 0. 004 

—0.004 

+0.004 

0.000 
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B'(W— c')  +  XV 

F'ndz 

—  0) 

Arg= 

sin. 

C08. 

bId. 

COS. 

ein. 

COS. 

sin. 

COS. 

X     i'  t 

// 

// 

// 

// 

n 

// 

// 

0     6—  2 

—0.  2755 

—0.  1396 

— 0. 0070 

— 0. 0085 

-ho.  0025 

+0. 0034 

— 0. 0028 

— 0.0027 

"     5—  2 

—0. 00363 

— 0.  00284 

+0. 00553 

-ho. 00452 

-ho.~oo^i- 

— 0.00128 

— 0.00030 

-ho.  00247 

—I  8—2 

+0. 177 

— 0. 010 

-ho.  001 

0.000 

0  7—2 

— 0. 095 

+0. 008 

0.000 

— 0.001 

I     6 —  2 

-1-0.003 

— 0.  002 

+0. 003 

0.000 

—I     9—  2 

-|-o.  022 

— 0.  015 

0     8 —  2 

— 0.014 

-ho.  009 

-I  0-3 

+0'  43 

-ho.  16 

+0.17 

-ho.  06 

0-1—3 

— 0. 25 

— 0.  17 

—0.  13 

— 0. 08 

I—  2—  3 

+0.04 

+0.  03 

-I     I—  3 

—2.38 

-hi. 90 

+0.13 

— 0.07 

— 0. 85 

+0. 65 

0  0-3 

-1-1.85 

-1.50 

— 0.  10 

+0. 05 

-ho.  78 

— 0. 62 

I—  I—  3 

—0.37 

+0.  29 

—0. 19 

-ho.  15 

-I     2-  3 

—1. 17 

-h2.62 

—0. 13 

-ho.  38 

— 0. 30 

-ho.  65 

— 0, 02 

-ho.  05 

0  1—3 

+o-  95 

— 2.  12 

-ho.  12 

—0.32 

+0. 28 

— 0.  62 

-ho.  02 

— 0. 05 

I     o~  3 

-0.15 

+0. 39 

— 0.  03 

+0. 07 

— 0. 05 

+0. 14 

-I     3-  3 

— 0. 42 

-hi.  84 

— 0. 19 

+0.44 

— 0. 07 

-ho.  50 

0.00 

+0.13 

0  2—3 

+0.  30 

—  1.45 

+0.  23 

— 0. 39 

+0. 02 

—0.44 

— 0. 02 

— 0. 08 

I     I—  3 

— 0. 02 

+0.  23 

— 0. 03 

+0. 07 

-ho.  06 

+0.05 

-ho.  02 

—0. 01 

-I     4—  3 

-|-o.  060 

+0.  572 

783 

— 0. 966 

— 0. 145 

— 0. 125 

— 0. 302 

—0.419 

0  3-3 

-|-o.  01 

— 0.  27 

+0.58 

+0.  70 

+0.53 

+0. 76 

-ho.  64 

+0. 95 

I     2-  3 

+0. 03 

-ho.  09 

— 0. 03 

— 0.04 

—0.58 

— 0. 91 

— 0.  60 

— 0. 87 

-I     5-  3 

— 1. 062 

-ho.  528 

— 0. 204 

—0.372 

—0. 209 

-ho.  071 

-ho.  1 1 1 

+0. 036 

0  4—3 

-I-0.604 

— 0. 263 

-ho.  271 

+0.313 

— 0. 078 

—0. 152 

— 0. 271 

— 0. 096 

I     3-  3 

— 0. 021 

— 0. 007 

— 0. 069 

— 0. 032 

+0.323 

+0. 155 

+0.  279 

+0. 132 

-I     6-  3 

— 0. 157 

+0.  529 

+1.724 

—0.  207 

—0.  203 

+0. 138 

-ho.  098 

— 0. 016 

0     5-  3 

—2. 364 

— 0. 060 

—2.  123 

+0. 237 

-ho.  004 

— 0. 069 

— 0. 067 

-ho,  006 

I     4—  3 

-|-o.  020 

— 0. 061 

+0.  247 

— 0. 025 

-ho.  062 

+0. 036 

—0. 024 

— 0.  OOl 

-I     7-  3 

-hi.  1923 

—0. 5863 

-ho.  0136 

— 0.0131 

-ho.  2669 

-0.1755 

— 0. 0212 

-ho.  0144 

0  6-3 

—8.  529 

+5-648 

+0. 043 

— 0. 084 

—3.448 

+2.391 

-ho.  069 

— 0. 064 

"     5-  3 

+0.043 

+0. 005 

— 0. 039 

+0. 029 

+4. 336 

—3.021 

— 0. 074 

-ho.  072 

-I     8-  3 

— 0.0188 

+1.4384 

— 0. 0059 

— 0. 0013 

— 0.001 1 

-ho.  1820 

— 0. 0036 

+0. 0055 

0     7-  3 

~— 0.  Uy  00 

— 0. 3236 

-f-o.  0093 

— 0. 0028 

—0. 1373 

— 0. 0510 

-ho.  0052 

— 0. 0080 

I     6-  3 

+0-  1335 

— 0. 0518 

— 0.0045 

+0. 0035 

+0. 0537 

—0. 0256 

— 0. 0007 

H-o.  0017 

-I     9-  3 

+0.  1468 

+0. 3839 

— 0.0012 

-ho.  0004 

-ho.  0142 

-ho. 0372 

-ho.  0002 

-ho.  0006 

0  8—3 

—0.  1457 

—0.  2097 

-|-o.  0007 

—0. 0065 

— 0. 0196 

—0. 0285 

— 0.0001 

— 0.0015 

I     7—  3 

-|-o,  0224 

— 0. 0059 

-ho. 0001 

-ho.  0050 

-ho.  0044 

— 0. 0002 

—I    10—  3 

+0.  054 

+0. 05 1 

0.  000 

— 0.  002 

0  9-3 

—0. 036 

— 0. 022 

—0.  001 

-ho.  002 

I  8-3 

+0. 024 

— 0.041 

— 0. 005 

— 0. 006 

+0. 005 

— 0. 003 

0    10—  3 

— 0. 008 

— 0. 002 

—I     I—  4 

— 0. 07 

+0. 40 

—0.03 

+0. 16 

0     o~  4 

-ho.  09 

— 0. 28 

+0.05 

—0. 13 

—I     2—  4 

-1.59 

—1.23 

-ho.  06 

+0.09 

—0.57 

— 0. 47 

0  1—4 

+  1-32 

+0.  99 

— 0. 02 

— 0. 04 

+0.55 

+0. 43 
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B'(y'  — c')  +  XV 

-0) 

Arg= 

7<r-\-*  9 -^-^9 

sin. 

sin. 

sin. 

sin. 

COS. 

COS 

 c  

COS. 

COS. 

// 

// 

// 

it 

// 

// 

n 

// 

I     0-  4 

— 0. 29 

— 0.  23 

— 0. 14 

— 0.  12 

-I     3-  4 

— 2. 09 

— 0. 42 

— 0. 32 

— 0.  00 

— 0. 54 

— 0.  12 

+0.04 

0.00 

0  2—4 

+  1*73 

-|-o.  30 

+0.  25 

+0.04 

+0.52 

+0.  1 1 

+0. 03 

0. 00 

I     I—  4 

— 0. 34 

— 0,  07 

— 0. 00 

— 0. 01 

— 0. 1 1 

— 0. 02 

—1     4-  4 

—  1.50 

+0.04 

— 0.  40 

— 0.  02 

—0.43 

— 0.  02 

— 0. 05 

— 0,  02 

0  3—4 

-j-i.  20 

— 0. 00 

+0.32 

-(-0.  02 

+0. 45 

+0.  1 1 

+0.  II 

+0. 10 

I     2-  4 

— 0, 22 

-(-0.  02 

— 0.  04 

-|-0.  01 

— 0. 10 

—0. 15 

— 0. 06 

—0.08 

-I     5-  4 

 0.  04 

+0-  34 

+0.56 

— 0.  71 

— 0. 25 

+0.  21 

+0.  21 

— 0.  22 

0  4—4 

+  0.  50 

— 0.  23 

— 0.  38 

+0. 50 

+0.  n 

— 0.  10 

— 0.  26 

+0.  22 

I     3—  4 

 0,  06 

+0. 03 

+0. 07 

— 0.  OiS 

+0.  12 

— 0.  02 

+0.  11 

— 0.  06 

-I  6-4 

 0.  52 

—0.55 

+0-  33 

— 0.  20 

— 0.  12 

— 0.  32 

+0.01 

— 0. 05 

0  5-4 

-f-O.  lo 

-f-O.  35 

— 0. 37 

-|-0.  22 

+-0.  00 

+  0.33 

— 0.04 

+0.  08 

I     4—  4 

— 0,  04 

—0.  06 

+0. 07 

— 0. 04 

+0.  02 

— 0. 13 

+0.  02 

— 0.09 

—I     7—  4 

— 0.  232 

—2.  157 

+0.  374 

+1.039 

+0.  190 

— 0.  204 

+0.119 

+0-378 

06-4 

— 0.  383 

-|-i.7ib 

— 0.  249 

— 0.  073 

— 0.  870 

+0. 073 

— 0.  229 

—0. 793 

I     5-  4 

— 0. 05 

— 0. 06 

-f-O.  01 

0. 00 

+  1.  02 

+0. 17 

+0.  20 

+0.  68 

—1  8—4 

—5-031 

—5-  352 

+0. 130 

+0. 080 

—  1.430 

-1-359 

+0. 029 

+0. 027 

07—4 

+3-  138 

+3-031 

 0.   I  08 

— 0. 072 

+  1.  150 

+  1. 108 

— 0. 023 

— 0. 045 

I  6-4 

— 0. 183 

—0. 155 

+0. 014 

— 0. 008 

— 0.  no 

— 0. 100 

—I     9-  4 

—2. 837 

—0.  704 

+0.  022 

— 0. 002 

 0.  5OI 

—0.  139 

— 0. 001 

0. 000 

08-4 

+  1.870 

-|-o.  482 

— 0. 029 

-f-O.  002 

+0. 481 

+0. 124 

0. 000 

— 0. 001 

I     7—  4 

—0.  130 

+0. 026 

+0.  002 

— 0. 005 

— 0. 042 

+0.011 

— I  10 —  4 

— 0. 66417 

-f-O.  19695 

+0.  00305 

—0. 00174 

— 0. 10326 

+0.03050 

— 0.00217 

+0. 00050 

0  9—4 

+0. 4863 

-0. 1374 

—0.  0016 

+0.0016 

+0. 0958 

— 0. 0267 

+0. 0025 

— 0. 0009 

I       8—  A 

— 0. 026 

+0.033 

— 0.  003 

0. 000 

— 0. 006 

+0. 008 

— 0.09II6 

+0. 09913 

— O.OOOIO 

— 0.00017 

— O.OI  165 

+0.01256 

— 0, 00009 

+0. 00014 

0  10 —  4 

+0. 069759 

— 0. 073644 

— O.OOOIOI 

+0. 000255 

+O.OM093 

—O.OI  1609 

+0. 000080 

— 0. 000113 

I         0   A 

— 0, 00293 

-f-O.  01 166 

+0. 00029 

— 0. 00031 

— 0. 00005 

+0.00168 

+0,  oooo? 

0, 00000 

0     H —  4 

+0. 0038 

—0.0167 

+0. 0005 

— 0, 0022 

-I      2-  5 

— 0.  33 

0. 00 

— 0. 13 

0. 00 

0     I-  5 

+0.  25 

+0. 04 

+0.  12 

+0. 02 

-I     3-  5 

+  0-51 

— 1.  10 

+0.  21 

— 0. 43 

0    2-  5 

 0.  41 

+  1. 00 

— 0.  19 

+0. 42 

I     I-  5 

-j-O.  10 

— 0. 23 

+0. 05 

— 0. 11 

-I     4—  S 

 0,  06 

—  1.  40 

— 0.  01 

— 0.  ICS 

— 0.  01 

— 0, 41 

0     3-  5 

+  0,06 

+1.  28 

+0. 01 

+0.  16 

— 0. 01 

+0.  35 

I     2-  5 

— 0,  02 

— 0.  27 

— 0.  01 

— 0. 09 

-I     5-  5 

— 0.  29 

—1.05 

— 0. 05 

— 0.  29 

—  0.07 

— 0.  24 

0    4-  5 

+0.  26 

+0.90 

+0.  02 

+0.  20 

+0. 04 

+0. 21 

I     3-  5 

— 0. 06 

— 0. 19 

—I     6—  t; 

—0.44 

— 0. 49 

+0.53 

+0. 24 

— 0.  22 

— 0.  20 

-l-O.  10 

+0.  II 

0     5-  5 

+0-37 

+0.41 

-0-35 

—0. 17 

+0.19 

+0.17 

— 0.  21 

— 0. 12 

I     4-  5 

— O.OI 

— 0.04 

+0. 08 

+0.05 

— 0, 05 

— 0. 03 

-I     7-  5 

+0. 24 

— 0. 67 

+0.  26 

+0.  20 

+0.  21 

— 0. 09 

+0.  06 

+0.03 

0  6—5 

— 0.  22 

+0-55 

— 0. 23 

— 0.  17 

— 0.  33 

+0. 05 

— 0.  12 

— 0. 07 

I     5-  5 

-|-o.  06 

— 0.06 

0.00 

+0.03 

+0. 16 

+0. 04 

+0.03 

+0. 07 
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B'(v'  — c')  +  XV 

— 0) 

Arg= 

sin. 

Bin. 

Bin. 



Bin. 

COS. 

COB, 

COB. 

COB. 

•/ 

w     t  1 

// 

// 

// 

// 

II 

II 

II 

// 

—I  8—5 

+  1.03 

— 1. 10 

— 0,  71 

+0.49 

-fo.  21 

— 0. 25 

— 0. 14 

+0. 07 

0    7-  5 

— 0.  76 

+0, 88 

+0.55 

—0.38 

— a.  20-  - 

+0.  22 

+0.  12 

— 0. 07 

I  6-5 

-|-o.  12 

— 0.  II 

— 0. 00 

+0.04 

-f  0. 02 

— 0.  01 

-I     9-  5 

+3-429 

—5-  790 

— 0. 084 

-fo.  185 

+1.004 

—  I.  672 

— 0. 014 

+0.033 

0     8-  5 

— 2. 28 

+3' 89 

-|-o.  08 

— 0.  18 

— 0. 85 

+  1-45 

+0.  02 

— 0.  02 

I     7-  5 

+0.  25 

— 0. 48 

0. 00 

-fo.  03 

-fo.  15 

—0. 25 

-I    10-  5 

+0. 135 

—3.060 

-f  0.  009 

+0. 035 

+0. 038 

— 0. 710 

+0.001 

+0.004 

0     9-  5 

— 0.  no 

+2. 248 

— 0.001 

— 0. 028 

— 0. 038 

+0. 649 

— O.OOI 

— 0.004 

I     8-  5 

— 0. 044 

— 0.  252 

— 0. 016 

— 0. 096 

-I    II-  5 

 0.  380 

0.  749 

-|-0. 007 

146 

— O.OOI 

— 0. 002 

0    10-  5 

+0. 284 

— 0.00? 

— 0.008 

-|-o.  066 

-f  0. 1  ^6 

I     9-  5 

— 0. 052 

— 0. 047 

— 0.  016 

— 0.015 

-I    12-  5 

—0. 1488 

— 0.0959 

+0.0003 

-|-o.  0002 

— 0. 0244 

— 0.0161 

+0. 0004 

+0.0001 

0    II-  5 

-j-o.  109 

-f  0.  074 

0.000 

0. 000 

-f  0.018 

+0.013 

I    10-  5 

— 0.015 

— 0.  002 

-f  0.  002 

+0.003 

-I    13-  5 

— 0. 0341 

— 0.  0006 

0.  0000 

0. 0000 

— 0. 0050 

— 0. 0001 

0    12-  5 

+0. 0275 

-{-0, 0006 

— 0. 0001 

+0. 0001 

-f  0. 0046 

-f  0. 0001 

I    II-  5 

— 0, 0025 

-f  0. 0014 

— 0. 0005 

-f  0.0003 

-I  3-6 

— 0.  06 

— 0. 25 

— 0. 03 

— 0. 10 

0  2—6 

0.0 

+0.  2 

-I     4-  6 

-j-o.  81 

+0.17 

-fo.  29 

+0.07 

0     3-  6 

— 0,  71 

— 0. 14 

— 0. 29 

— 0.05 

I     2-  6 

+0. 17 

+0.04 

-I  5-6 

00 

— 0, 24 

-f  0.  II 

— 0. 03 

-f  0.  26 

— 0. 05 

0     4-  6 

— 0. 87 

-|-0.  21 

— 0, 10 

+0.03 

— 0.  26 

-f  0. 06 

I     3-  6 

-|-o.  16 

— 0.04 

—I  6—6 

-fo.  70 

— 0.  38 

+0. 14 

— 0.  06 

-fo.  14 

— 0. 08 

0  5-6 

— 0.  60 

+0-34 

— 0.  12 

-f  0. 06 

— 0. 14 

-fo.o8 

I     4-  6 

-fo.  06 

— 0.06 

-I  7-6 

-{-0.  20 

— o-  43 

— 0.  08 

+0. 34 

+0. 10 

— 0. 18 

— 0. 05 

+O.IS 

0  6—6 

— 0.  24 

+0.31 

-fo.  04 

— 0.  23 

—0.04 

-|-o.  II 

+0,05 

— 0. 14 

-I     8-  6 

+0. 49 

— 0. 02 

— 0. 10 

-f  0. 26 

+0. 14 

-fo.  14 

+0.01 

+0.03 

0     7-  6 

— 0. 42 

— 0. 05 

+0,  10 

— 0. 19 

—0.  12 

— 0. 13 

—0,02 

— 0. 07 

I     6—  6 

+0. 07 

+0.04 

—I     9 —  6 

+0. 99 

+0.41 

— 0. 47 

— 0. 43 

+0. 20 

+0.03 

— 0,  12 

— 0. 13 

0  8—6 

— 0. 81 

— 0. 34 

+0-37 

+o-  34 

— 0.  22 

— 0. 04 

+0.  08 

+0.09 

I     7-  6 

+0.15 

-f  0. 06 

— 0. 06 

— 0.  07 

-fo.  02 

+0.03 

—I  10 —  6 

+4.95 

+1.63 

— 0.  24 

— 0. 06 

+  1.50 

-fo.  50 

— 0. 06 

— 0. 02 

0     9 —  6 

-3.65 

—1. 17 

,  -f  0. 19 

+0.  05 

—1.37 

— 0. 45 

+0. 05 

+0. 02 

I     8   6 

+0.58 

-fo.  19 

+0.  28 

+0.09 

—I    ii_  6 

+2.  73 

—0.44 

— 0.04 

-fo.  02 

+0.71 

— 0. 10 

— 0. 02 

0.00 

0  10 —  6 

—2. 12 

+0, 33 

-fo.04 

— O.OI 

— 0. 66 

+0.09 

+0.01 

0.00 

I     9 —  6 

-fo.  30 

— 0. 10 

+0. 12 

— 0.04 

—I    12—  6 

+0. 683 

—0. 532 

— 0. 005 

-J-o.  004 

+0. 151 

—0. 118 

0    II—  6 

—0. 561 

-f  0.423 

-f  0.004 

— 0. 004 

—0.  145 

-f  0. 109 

I  10 —  6 

+O.OS 

—0. 07 

-fo.  01 

— 0. 02 
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Arg== 

B'(v'-o')  +  XV 

F'ndz 

—  0; 

sin. 

COS. 

sis* 

C08t 

sin. 

COS. 

X     i'  i 

// 

// 

// 

// 

// 

K 

// 

-I  13-6 

+0. 073 

— 0.  200 

0.000 

-{-0.004 

+0.016 

— 0. 037 

0    12—  6 

— 0. 070 

+0. 160 

— 0. 016 

-j-o.  036 

I    II—  6 

— 0. 001 

—0.023 

0.000 

— 0. 006 

— I     4 —  7 

-|-o.  2 

 0.  I 

0     1 —  7 

—0. 1 

+0.  1 

—  I      5—  7 

0. 0 

+0. 5 

0. 0 

1  ^  ^ 

-fo.  2 

0     4 —  7 

0. 0 

— 0. 5 

0. 0 

— 0.  2 

—I  6—7 

+0.  29 

-j-o.  60 

-fo.  oS 

-fo.  17 

0     5—  7 

— 0.  27 

— 0-  53 

— 0. 07 

— 0.  10 

-i-0.  3s 

-j-o.  40 

+0. 07 

-f  0.  06 

0  6—7 

— o-  33 

— 0-  35 

— 0. 07 

— 0.  05 

—  I     8—  7 

-fo.  32 

+0. 14 

— 0.  23 

— 0, 02 

+o- 15 

-f  0.  01 

—0,  I  1 

 Q  Q2 

0     7—  7 

—0. 25 

— 0. 12 

— (~o.  20 

-|-0.  02 

— 0.  lo 

— 0.  02 

-fo.  II 

— 0.  01 

— I     9 —  7 

-j-o.  06 

+0. 36 

— 0. 22 

^-o.  04 

-j-o.  01 

-f  0.  OS 

— 0.  06 

-ho.  01 

0     8—  7 

0.  04 

— 0. 31 

-}-o.  13 

-|-0.  06 

— 0.  01 

— 0. 07 

-fo.  06 

— 0. 03 

I     7 —  7 

— 0.  02 

+0.07 

—  I  10 —  7 

— 0. 03 

-J-O.  00 

-|-o.  26 

— 0-  43 

-fO.  02 

-fO,  liS 

-fo.  07 

— 0.  10 

0  9-7 

-j-o.  04 

 0.  63 

— 0.  21 

i-o.  37 

— 0. 01 

 0.  20 

— 0. 06 

+0. 09 

I     8—  7 

0. 00 

-f-O.  12 

+0.05 

— 0. 07 

-1-^.  70 

— 0. 10 

 0.  12 

-(-1.  17 

-fo.  01 

— 0. 06 

0  10 —  7 

+0.  26 

— 2.  91 

— 0. 02 

+0.  17 

+0.  II 

— 1.09 

— 0.  01 

4-0.  o<; 

I     9—  7 

— 0.  06 

+0.  54 

0,00 

 0.04 

— 0.  03 

-fo.  25 

— I    12 —  7 

+0. 82 

4-2. 12 

— 0. 02 

 0.04 

+0. 23 

-fo.  60 

0  II—  7 

1  10 —  7 

— 0. 67 

+0. 14 

—1.74 
+0.  26 

+0,01 

+0.  03 

— 0.  21 
+0.06 

— 0-57 
-fo.  II 

—I    13-  7 

+a6i 

+0-  53 

— 0, 02 

 0.  01 

+0.  15 

-f  0. 13 

0   12—  7 

—0.51 

— o-  45 

— 0.02 

— O.OI 

— 0.  14 

— 0. 12 

I    II—  7 

+0. 09 

-fo.o6 

+0. 03 

-f0.02 

—I     6—  8 

— 0-3 

-i-o.  I 

0     5—  8 

— 0. 1 

—I     7—  8 

— 3 

-("O.  2 

— 0.  I 

+0.  I 

0  6—8 

-|-o.  2 

— 0.  2 

+0. 1 

— 0.  I 

—I     8—  8 

—0. 13 

-fo.  30 

0     7 —  8 

+0.  J 

— 0.  2 

—I     g—  8 

 0.  06 

-}-o.  07 

— 0. 01 

— 0.  10 

-j-o.  02 

+0. 13 

— O.OI 

— 0. 08 

0  8—8 

-f-o.  01 

-\-o.  09 

— 0.  02 

— 0.  12 

—I    10—  8 

— 0.  21 

1  j-iQ 
-f-O.  Oo 

~\-o.  02 

— 0.  1 1 

— 0.  01 

-fo.  07 

0     9—  8 

+0.19 

— 0.  05 

— 0. 02 

+0. 06 

-fo.oi 

— 0.  06 

—I    II—  8 

— 0. 42 

+0. 17 

+0-32 

+0. 10 

— 0.04 

+0.07 

-!-o.  07 

-f  0, 0^ 

0    10—  8 

+0.42 

— 0.  16 

— 0. 23 

— 0. 10 

-1-0.07 

— 0. 07 

— 0. 07 

— 0. 03 

I     9—  8 

— 0. 07 

-}-O.OI 

+0.  06 

+0-03 

—I    12—  8 

—2.53 

+0-33 

-ho.  16 

—O.OI 

— 0. 82 

-f  0. 10 

-fo.05 

0.00 

0    II—  8 

+  2.  07 

— 0. 30 

— 0. 17 

+0.  02 

+0.77 

—0. 10 

— 0. 05 

0.00 

1  10 —  8 

— 0.  43 

+0. 05 

—0. 18 

-fo.  02 

-I  13-8 

—  1.48 

+0. 97 

+0.03 

—0.  02 

— 0.41 

-ho.  27 

I    II—  8 

—0,  21 

-1-0.15 

— 0. 09 

-fo.  06 
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Arg= 

oz 

B'(v'  — c')  +  XV 

—  c; 

sin. 

COS. 

ein. 

009. 

sin. 

COS. 

ein. 

COS. 

H     i'  i 

 1          g   Q 

// 

— 0. 1 

— 0.  2 

ti 

— 0.  2 
— 0.  2 

// 

// 

u 

—  

// 

// 

0  7—9 

+0.  2 

-fo.  2 

—I    II—  9 

— 0. 10 

— 0.  II 

0  10 —  9 

-fo.  02 

-fo.  II 

—  I     12 —  q 

— 0.  24 

— 0. 20 

— 0. 03 

+0.  18 

— 0. 07 

0.00 

0   u—  9 

-fo.  22 

-fo.  21 

-fo.03 

— 0.  16 

-fo.  08 

-f  0. 02 

—  I     13—  9 

— 0.  60 

-1.57 

-fo.04 

-fo.  14 

— 0. 19 

—0.52 

0     12 —  9 

+0. 47 

-f  1.29 

— 0.06 

— 0. 13 

+0. 18 

-fo.51 

I      II—  9 

— 0.09 

— 0.  24 

— 0.04 

— 0. 12 

—  I  13—10 

— 0. 02 

— 0.  13 

— 0.  II 

0.00 

— 0.  06 

— 0. 08 

0  12—10 

0.0 

+0.  2 

-fO.1 

0.0 

Arg= 

D 

cos  i* 

E 

008  %' 

u 

H'— . 
cos» 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

X     i'  i 

// 

u 

// 

u 

// 

// 

It 

000 

—0. 0023032 

— 0. 0000019 

-fo.  0000019 

-f  0.0000013 

— I     I  0 

-fo.  OOII 

-f  0.  OOI44I 

— 0. 0006 

-f  0.000003 

0.0000 

— 0.000001 

-fo.  0001 

— 0.000003 

—120 

— 0.016 

+0.033 

0     I  0 

+0. 0372 

— 0. 0677 

—130 

— 0. 012 

— 0. 024 

020 

-f  0. 026 

-f  0. 052 

I     I  0 

— O.OII 

— 0. 029 

—140 

-f  0.004 

-fo.  008 

030 

— 0. 009 

— 0. 015 

I     2  0 

-f  0.004 

-fo.  007 

— I     0—  I 

-f  0.004 

-fo.  009 

• 

0 —  I —  I 

— 0. 002 

— 0. 020 

I—  2  I 

— 0.004 

-f  0.010 

— I     I—  I 

-fo.  008 

-fo.  092 

0  0 —  I 

— 0.004 

— 0. 114 

I —  I —  I 

— 0. 002 

+0. 049 

—I     2—  I 

— 0. 1625 

—0. 7965 

0     I—  I 

-f  0. 321 

-f  I.60I 

I     0—  1 

—0. 165 

—0. 808 

-I     3-  I 

-fo.  0124 

—0.0553 

0     2 —  I 

— 0. 0294 

-f  0. 0870 

—0. 0002 

— 0.0002 

I     I—  I 

-f  0.0218 

— 0. 0095 

—I     4—  I 

-fo.  0017 

—0. 0069 

0     3—  I 

— 0. 0077 

-f  0. 0146 

I     2 —  I 

+0. 0039 

— 0. 0055 

-I     5-  I 

-fo.  034 

—0. 029 
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Arg= 
Hy'-\-i'g'-\-ig 

V 

cos  x' 

COS  t' 

u 

^cosi 

sin. 

COS. 

sin. 

c6s. 

sin 

COS. 

sin. 

COS. 

X     i'  i 

U       *t^^  * 

// 

II 

// 

- 

r 

// 

// 

I     3—  I 

-|-o.  03*^2 

— 0.0313 

O       5   1 

-|-0. 004 

 0  007 

I     4 —  I 

 004 

1  oo^ 
-|-u.  003 

O  O —  2 

+0.  02 

0.00 

—  I       2 —  2 

—0.159 

— 0.  023 

0  1—2 

+0.  268 

+0.  076 

I  0 —  2 

—0.  13 

— 0.  06 

—I     3—  2 

+0.631 

-0.  295 

0       2 —  2 

-1. 259 

+0.  573 

I       I—  2 

+0. 638 

— 0. 279 

—  I       4—  2 

-1-0. 1033 

+0. 1 1 64 

O  3—2 

—0.183 

— 0.  241 

I  2 —  2 

-|-o.  069 

+0. 13s 

-I     5—  2 

4-0.00157 

+0. 01056 

— 0.00006 

+0.  00019 

+0. 00003 

-f  0.00001 

— 0.00001 

+0. 00012 

o      4 —  2 

0.  0000 

— 0. 0180 

I      3 —  2 

— 0.  WJ7 

•J-o  oo/iR 

J       6—  2 

-l-O  OOfJO 

+0. 00031 

+0. 00061 

— 0. 00007 

—0. 00014 

+0.00009 

+0.00014 

o       C   2 

—0.  001700^ 

—0,  0020128 

—0.0001555 

—0.  0002744 

+0.  OOOI  140 

+0. 0002169 

— 0. 0000312 

— 0. 0000223 

T          ^  ^ 

J-o  00080 

-Lo  ono/*n 

—0. 00010 

—  0.00019 

— 0. 00007 

— 0.00014 

— 0. 00007 

—0.00013 

O      ^  2 

_Lo  0006 

+0. 0018 

-4-0. 0015 

 n  nooJlo 

— 0.00004 

— 0. 00002 

— 0.00002 

— 0.00001 

— 0.00004 

— 0. 00002 

—I     3—  3 

+0.  14 

— 0.06 

O  2—3 

— 0.  28 

+0.  10 

I     I-  3 

+0. 13 

— 0. 07 

—I     4—  3 

— 0. 236 

-0.351 

0  3—3 

+0. 50 

+0. 70 

I       2—  3 

— 0. 26 

— 0. 36 

-I     5-  3 

— 0. 124 

— 0. 072 

0  4—3 

+0. 234 

+0. 128 

I     3-  3 

—0. 115 

— 0.048 

-I  6-3 

—0.037 

+0.010 

0     S—  3 

+0. 068 

— 0. 018 

I     4-  3 

— 0. 031 

+0.  012 

-I     7-  3 

+0.0157 

—0.  0381 

o  6—3 

— 0. 031 

+0. 076 

1       e   <5 

*      i —  3 

~j~^>  020 

— 0.  041 

J-o  009 T 

— 0.  0022 

0  7-3 

—0.0038 

+0.  0029 

I     6—  3 

+0.0014 

0.0000 

0  8—3 

— 0. 0007 

+0.  OOOI 

I     7-  3 

+0, 0002 

0.0000 

—X     5-  4 

+0.17 

— 0. 19 

o  4—4 

—0.34 

+0. 39 

I     3—  4 

+0.  20 

— 0. 21 
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C'(5 

h' 
in 

cos 

COS  V 

yrt 

COS  i 

sin* 

cos* 

sin. 

COS. 

sin. 

cos. 

sin. 

COS. 

H     i'  i 

// 

/I 

// 

ft 

It 

// 

— I     6 —  4 

4-0. 02 

— 0. 10 



0     5—  4 

— 0, 05 

+0. 23 

I     4 —  4 

0.00 

—0.  II 

—I     7—  4 

—0.009 

— 0. 024 

0  6 —  4 

+0. 018 

+0. 064 

—I     8—  4 

— 0. 008 

— 0.003 

0  7—4 

+0,017 

+0. 005 

I  6-4 

— 0. 008 

— 0. 002 

—I  9—4 

— 0. 002 

+0,001 

0  8—4 

+0.004 

— 0, 002 

— I  10 —  4 

—0.00041 

+0. 00030 

—0. 00005 

+0, 00001 

0  9—4 

+0,  0005 

— 0. 0007 

-I    11—  4 

0.00000 

+0. 00006 

0  10 —  4 

+0.000013 

— 0.000131 

+0. 000003 

— 0.000004 

—0.000001 

+0.000004 

—I     6—  5 

+0. 12 

+0. 08 

0    5-  5 

—0.  26 

—0. 14 

I     4-  5 

+0.11 

+0.06 

—I     7—  5 

+0. 05 

0.00 

0  6—5 

—0,  14 

0.00 

I     5-  5 

+0.03 

— 0,01 

0    7-  S 

— 0. 02 

+0.01 

—1     7—  6 

— O.OI 

+0.04 

0     6—  6 

+0.03 

—0. 14 

0  7—6 

— O.OI 

— 0. 05 

CHAPTER  XIV. 

CALCULATION  OF  THE  PORTION  OF  dT  FACTORED  BY  n% 

In  determining  the  part  of  6T'  having  the  factor  n't  a  degree  of  precision  200 
times  greater  than  that  used  in  deriving  the  part  not  multiplied  by  n't  has  been 
employed.  In  the  following  table  the  factor  n't  has  been  omitted,  and  to  avoid  multi- 
plicity of  zeros  all  the  coefficients  have  been  multiplied  by  10000: 


B 

'y' 

GV 

Arff= 

Bin. 

COS. 

sin. 

COS. 

sin. 

COS. 

Bin. 

cos* 

// 

// 

// 

// 

it 

0  0 

0 

—  14.2442 

+  18.8373 

— I  I 

0 

3.47 

4-  44.0178 

-  2.39 

26.OS98 

+ 

2.93 

+  3-5127 

—   2. 91 

—  4. 8233 

— I  2 

0 

+ 

87.61 

+  139.  28 

+  107. 14 

+174.06 

13- 46 

-  7.66 

+103.02 

+  60.93 

0  I 

0 

2.63 

-  3.4s 

+  2.17 

+ 

3.04 

+  158.75 

+  93-  79 

—217.88 

—128. 93 

I  0 

0 

+ 

83.023s 

+132.  ss^S 

— no.  8643 

177. 1608 

198.  3620 

—117.4360 

+I1S7- 1015 

+  111. 0051 

-I  3 

0 

+ 

43-3 

-f  18.6 

+  37.0 

+  14.5 

+ 

6.8 

—    2. 2 

+  16.8 

+  X.4 

0  2 

0 

14.0 

-  5-3 

—  16.  9 

7.0 

+ 

0.8 

+  5.5 

—  19- 1 

-  s.o 

I  I 

0 

+ 

I- 13 

+  1.82 

—  12.41 

7.  22 

1.99 

-  1.S8 

+  0,62 

+  0.43 

—I  4 

0 

+ 

8.8 

—  1.4 

+  6.0 

1.4 

+ 

1. 1 

-  1.5 

+  1.8 

—  2. 2 

0  3 

0 

4.4 

+  1.0 

-  3.6 

+ 

0.8 

0.9 

+ 

-  1.9 

+  0.8 

I  2 

0 

0.3 

0,0 

-  i-S 

0.  I 

0.  2 

—   0. 1 

—   0. 2 

0.0 

-I  5 

0 

+ 

I.O 

—  0.9 

+  0.4 

0.4 

+ 

0. 1 

—  0.3 

+  0.1 

—  0.3 

0  4 

0 

as 

+  0.5 

—  0.4 

+ 

0.4 

0.0 

+  0.3 

—   0. 2 

+   0, 2 

I  3 

0 

0. 1 

0.0 

—  0. 1 

+ 

0.  I 

—I—  I— 

0. 2 

—   0. 1 

0.0 

+ 

1.0 

—   0. 1 

+  0.3 

0 —  2 — 

0-3 

+  0.1 

0.0 

+ 

0.6 

—   0. 1 

+   0, 2 

I—  3— 

+ 

03 

—  0,9 

—  0. 1 

1,9 

0. 1 

—   0.  I 

+  0.4 

-  0.7 

—1  0 — 

12.4 

-  7.1 

—  1.3 

+ 

6.9 

+ 

2.4 

—  1.4 

—  4.3 

+  4.9 

0—  I— 

6.4 

—   2. 2 

+  6.7 

+ 

2.3 

1.9 

+  1.2 

+  4.1 

—  0.6 

1—  2 — 

+ 

3-7 

—  1.4 

-  6.3 

9.4 

+ 

0. 1 

—   0.  I 

—    1. 2 

-  4.1 

— I  I— 

+ 

75.7 

+  26.4 

+337.2 

+124.8 

+ 

0.9 

+  0.6 

+  12.8 

+  14.2 

0  0 — 

-458.  7 

—168.2 

—402. 9 

-147.7 

I —  I— 

0.6 

—  0.6 

+  44.9 

+  16.2 

+ 

03 

+    0. 2 

—  13.6 

—  14.8 

—  I     2 — 

64.  24 

+  44- 10 

+  70.  S6 

16.  26 

10.  25 

—  9-42 

+  12.56 

+  5-47 

0     I — 

8.  75 

-  32.47 

-  71.87 

+ 

5.80 

+  36.08 

+  22.05 

—  23. 14 

—  18. 15 

I  0 — 

+ 

6.S 

—  0.6 

+  8.7 

1.0 

37.0 

—  22.4 

+  18.8 

+  17.3 

-I  3- 

+  46.223 

—  41.866 

—252. 421 

+239.612 

28.371 

+  78.277 

—  15.666 

+  48.784 

0  2— 

—348. 270 

—327.391 

+301.613 

— 290.  2S2 

+  24. 222 

-  63.  753 

+  11.406 

-  38.695 

I  I— 

+ 

0. 8s 

+  0.63 

—  34. 03 

+  32.33 

2.  72 

+  6,89 

-  0,57 

+  1.72 
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k'n'Sz' 

BV 

GV 

Arc= 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

II 

// 

// 

n 

II 

// 

// 

II 

—  I  4— 

+ 

9-31 

+ 

64. 27 

22.47 

+ 

72.  12 

+ 

3-  33 

+  24.01 

+ 

4-  84 

+ 

15-94 

0     % — 

J/*  ^*rj 

4. 062 

+ 

28. 187 

59.117 

2.  6q^ 

21. 198 

13-379 

I       2 — 

+ 

5.859 

— 

3-747 

+ 

0. 727 

— 

2.613 

1. 095 

4- 

I.  782 

+ 

0.  907 

0. 408 

-I  5- 

4- 
1 

+ 

17.4 

+ 
1 

0  J 

+ 

12.  0 

+ 

2.  7 

-r 

3-  0 

+ 

2.8 

+ 

2.  2 

0  4— 

8.76 

0.  75 

1.67 

9-  44 

2.  42 

3-  39 

2.41 

I.  0"? 

I  3— 

I.  II 

1 , 
-r 

0.  50 

0.  22 

0.  89 

+ 

0.  40 

4- 

0. 13 

0.  27 

0.  09 

—I  6— 

3.  I 

1 

+ 

2.  I 

1.6 

+ 

I.  I 

0.6 

4- 

0.  4 

+ 

0.6 

0.  0 

0  5- 

2.  3 

1.4 

1.  2 

0.8 

0.6 

o-  3 

0.  5 

0.  I 

I  4— 

+ 

0.  2 

0.  I 

0.0 

—I  7— 

+ 

0.5 

1 

-r 

0.  I 

+ 

0.  2 

0.  0 

+ 

0.7 

°-  3 

0.7 

0. 1 

0  6— 

0.4 

0.0 

0.  I 

0.0 

0.  I 

0.  I 

0. 1 

T 

0. 1 

— I  0 — 

2 

— 

0.8 

0.4 

— 

1-7 

0.  I 

0.0 

+ 

0. 2 

0.3 

0.0 

0—  I— 

2 

0 

+ 

I 

2 

I —  2 — 

2 

+ 

0 

— I     I — 

2 

+ 

32.0 

15.2 

+ 

9.2 

+ 

3-6 

+ 

4.2 

— 

4.0 

+ 

2.3 

5.3 

0  0 — 

2 

52.8 

17.6 

27.7 

12.8 

I —  I — 

2 

+ 

0.  2 

0.  I 

+ 

II.  I 

+ 

1.0 

0.  I 



1.6 

+ 

3-2 

2.4 

— I     2  — 

2 

+ 

53-2 

-327.9 

33-5 

+231.6 

10. 0 

II. 5 

69.  s 

-f- 

97-3 

0  I— 

2 

32.2 

+  179.2 

+ 

19. 1 

— 

[52.4 

+111.8 

— 

[46.4 

+146.0 

—206. 6 

I  0— 

2 

+ 

2.  2 

10.  2 

+ 

0.9 

0.5 

— 

[39.0 

+ 

[84. 1 

—124.9 

+177-9 

—I  3— 

2 

14.  6 

— ] 

41.7 

+ 

24-9 

+  79-5 

+ 

0.9 

2-5 

1.4 

+  "9-3 

0  2— 

2 

11.5 

+  119.4 

+ 

0.4 

73-6 

+ 

5-7 



3-9 

+ 

6.5 

21.0 

I     I  — 

2 

4. 1 

4.1 

2.6 

+ 

9-2 

1.7 

+ 

2.6 

0.  2 

+ 

1.0 

—I  4— 

2 

—293. 69 

— 212. 79 

—179-32 

— ] 

[23-93 

So.  05 

10. 97 

44-  37 

3. 65 

0  3- 

2 

+162.6 

+  122.7 

+117.4 

+ 

77-5 

+ 

70.4 

+ 

8.8 

+ 

38.0 

+ 

2-5 

I     2 — 

2 

9-7 

6.0 

+ 

1.4 

0.6 

12.8 

1.4 

5.8 

0.9 

—I  5— 

2 

—139-  230 

16.  103 

76. 712 

3.260 

28. 507 

+ 

10.  214 

1 6.  302 

+ 

8.  259 

0  4— 

2 

+  92-09 

11.50 

+  56-  70 

+ 

2.  86 

+ 

26. 12 

9. 22 

+ 

14. 49 

7. 30 

I     3 — 

2 

5.87 

+ 

2.  05 

1.02 

+ 

2.  84 

3.57 

+ 

2.  23 

1-55 

+ 

1.44 

—I  6— 

2 

30-  975 

+ 

13-247 

14.433 

+ 

8.550 

4. 644 

1 

5- 103 

2.  281 

+ 

3-959 

0  5- 

2 

+ 

22. 75472 

9-41055 

+ 

11.54684 

6.  59174 

+ 

4.41582 

4- 79203 

2. 10408 

3-58718 

I  4— 

2 

0. 950  ^ 

+ 

1.643 

+ 

0. 222 

I.OIO 

0. 322 

1 

0. 839 

0.018 

+ 

0.526 

-I  7- 

2 

3.82 

+ 

5- 14 

I-3I 

2. 66 

0.  27 

+ 

I.  21 

+ 

0.04 

+ 

0. 93 

0  6— 

2 

+ 

3.02 

3-96 

+ 

1. 10 

2.18 

+ 

0. 29 

1. 16 

0. 07 

0. 86 

«  5- 

2 

+ 

0. 050 

+ 

0. 413 

+ 

0.  157 

+ 

0.157 

+ 

0. 040 

+ 

0. 151 

0. 067 

+ 

0. 083 

—I  8- 

2 

0.  2 

+ 

I.O 

+ 

0. 1 

0.4 

0.0 

+ 

0.2 

0. 1 

+ 

0. 1 

0     7 — 

2 

+ 

0. 1 

0.7 

0. 1 

0.4 

0.0 

0. 2 

0. 1 

0. 1 

I  6— 

2 

+ 

0. 05 

+ 

0. 05 

+ 

0. 03 

0.00 

+ 

0. 02 

0. 02 

+ 

0. 02 

0.00 

3 

+ 

3 

+ 

2 

0 

+ 

I 

I 

+ 

I 

0 

0  0— 

3 

4 

2 

0 

3 

+ 

— I  2— 

3 

7 

II 

+ 

4 

+ 

6 

10 

+ 

9 

5 

+ 

8 

0  1— 

3 

0 

7 

0 

5 

+ 

28 

35 

+ 

16 

22 

I  0— 

3 

+ 

27 

+ 

37 

IS 

+  23 

— «  3- 

3 

+285.4 

19.8 

-183.6 

+  II. 6 

+ 

75-7 

+ 

35-4 

47-2 

20.6 

25  AST  20 


306  A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


GV 

Arg= 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H     i'  i 

If 

// 

// 

// 

// 

// 

O       2 — 

U               A  J 

— 189.  4 

+  16.4 

+  137.3 

—  10.9 

-61.5 

—30. 1 

+37.4 

+15.0 

I      I — 

+  23 

—  I 

—  17 

+  2 

+  7 

+  3 

—  2 

0 

4-  QO.  2 

—  66. 1 

—  71.7 

+  45.4 

+18.4 

+  3.1 

-19.7 

+  5.9 

—  76.7 

+  52.7 

+  55.5 

—  32.3 

-15.9 

—  I.O 

+  16.6 

—  4.0 

I       2 — 

+  7-3 

—  8.0 

-  5.4 

+  5.7 

+  0.6 

—  0. 1 

—  1. 1 

+  I.I 

4-12'?.  Q 

— 202, 8 

+  63.2 

—  151.  2 

-  2.3 

—66.5 

-  5.8 

—32.9 

O  4 — 

"          *T  O 

—  84.2 

+  197.  I 

-  44.8 

+  110.  7 

+  2.7 

+60.4 

+  5-4 

+29.3 

*      3  o 

4-    8.  Q 

—  2A.  I 

+  6.4 

—  13.4 

—  1. 1 

-13.3 

—  0.6 

—  6.1 

—  12.  <; 

— 145. 2 

—  10.8 

—  73-  I 

-15.7 

— 26.  2 

—  10.  7 

—13-4 

0      K —  1 

+  8.6 

+  106.6 

+  8.3 

+  58.0 

+14-5 

+24.3 

+  9.6 

+  12.3 

I       A —  2 

*         *T  o 

—  II. 6 

—  3.0 

-  5.7 

—  3.4 

—  4.0 

—  2. 1 

-  1.9 

*      /  0 

—  22.  61 

—  33.  69 

—  12.52 

—  14.64 

-  7." 

—  4.  20 

—  4.66 

—  1.72 

W               V  J 

+  17*40 

+  26.51 

+  10.24 

+  12.30 

+  6.72 

+  4.06 

+  4.33 

+  1.64 

JO 

—  3.0 

—  2.0 

—  1.7 

—  0.6 

—  1.3 

—  0.3 

-  0.8 

—  0. 1 

—   7. 8ig 

—     3. 890 

-  3.738 

—    1. 142 

—  1.726 

—  0.051 

—  1.089 

+  0.230 

o     7 — 

+    6. 343 

+     3. 269 

+  3.190 

+    1. 031 

+  1.665 

+  0.073 

+  1.028 

—  0.  209 

I     6-  3 

—  0.80 

+     0.  01 

—  0.35 

-j-    0. 10 

—  0.  25 

0.  Oo 

—  0. 13 

+  0.  10 

—I     9—  3 

-  1.59 

+    0.  10 

—   0. 00 

+       0.  17 

—  0.  26 

+  0. 14 

—  0.  15 

+  0. 15 

0  8-3 

+  1.351 

—  0. 065 

+  0.581 

  0.  151 

+  0.  268 

—  0. 135 

+  0.  147 

—  0. 141 

I     7—  3 

—   0. 124 

+   0. 089 

—  0.018 

+   0-  053 

—  0.028 

+  0.035 

—  0.  oil 

+  0.031 

—I    10—  3 

—  0.  2 

+  0.1 

—   0. 1 

0.  0 

o  9—3 

+   0.  18 

—     0.  12 

+   0. 06 

—  0.08 

+  0.02 

—  0.05 

0. 00 

—  0.03 

I     8-  3 

0.00 

+     0.  02 

0.00 

+  O.OI 

— I      2 —  4 

1 

Q 

+  I 

0 

—  I 

+  I 

O        I   A 

+  3 

—  4 

+  I 

—  I 

I          O   d 

—  3 

+  4 

—  I 

+  I 

 I        -2 —  A 

4-  14 

  14 

—  8 

+  9 

+  6 

—  2 

—  3 

+  I 

O       2   A 

"          *  *T 

—  10 

+  5 

+  7 

—  3 

—  5 

—  I 

—  2 

0 

I        I —  A 

—  I 

—  I 

+  I 

 I         A   A 

*          *T  *T 

4-  58 

+205 

-36 

—  128 

—17 

+78 

+  10 

—44 

0 

— 149 
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I  0 —  I 

— 2.0 

-  9.5 

+  1.4 

—0.4 

+0.7 

—0.  2 

—0.7 

-fO.1 

—I     3—  I 

+0. 130 

—  0.  704 

+0. 138 

-f  0. 087 

— 0. 006 

+O.IIS 

+0. 058 

— 0. 016 

0      2—  I 

— 0. 319 

+  I*  149 

—0.  100 

-{-0. 027 

-j-O.  021 

— o- 1  S3 

—0. 010 

_Lr»  nf5J 
-^0.  010 

I       I—  I 

  0. 18 

4-0  oc 

 0. 08 



-f  0. 1 1 

—0.  02 

0. 00 

—I      4-  I 

-4-0.  o«i 

—  0. 07 

-t-O.  20 

—  I.  1 1 

J-O.  0^ 

— 0. 21 

4-0. 08 

— 0.  K7. 

0    3-  I 

— 0.  oq8 

-f  0. 118 

— 0, 12*; 

J-O,  707 

— 0.  044 

-l-o.  ^12 

— 0.  0*14 

-4-0. 41? 

I     2—  I 

-4-0. 044. 

—  0.  0^0 

— 0.  0^1 

-l-o.  1 70 

J_o.  012 

— 0. 216 

— 0. 001 

— 0.  020 

—I     5-  I 

 0.  I 

0^  I 

—0.  I 

 0.  2 

0    4—  I 

 0. 01 

-4-  0. 02 

-l-o.  10 

-l-O.  ^2 

J-O  OA 

-f  0. 12 

-4-0.  ot; 

-1-0. 16 

I     3—  I 

0. 00 

—  0. 01 

-f-O.  01 

-4-0.  ot; 

—0.  02 

 0. 06 

— 0. 01 

— 0.  01 

—I     6—  I 

— 0.  I 

 0.  I 

0    s-  I 

0.  0 

-4-0.  I 

—I  0 —  2 

-fO.1 

—0. 1 

—0.  I 

— 0. 1 

0.0 

—0. 1 

_i     I —  2 

0.0 

-fO.1 

-fo.9 

—0.9 

-0-3 

+0.3 

-fo.  2 

—0.2 

0    0—  2 

—0.4 

+  0.3 

+0.4 

—0.3 

I      I —  2 

—0.4 

+0.3 

—0.3 

+0.3 

— 0.  2 

-fo.  2 

—I     2 —  2 

— 0.  2 

—  M 

— 0. 1 

—0.3 

-1-O.I 

0.0 

—0.  I 

0.0 

0  1—2 

+O.S 

+  2.1 

0.0 

-|-0.  2 

0.0 

—0. 1 

-ho.  I 

0.0 

I  0 —  2 

-0.3 

—  I.  I 

+0.1 

-fO.1 

-f-O.  I 

— 0. 1 

0.0 

-fo.r 

—I     3—  2 

-1.7 

-1-0.6 

— 0.  2 

—0.3 

— 0.  2 

-O.S 

-fo.i 

+0.3 

0     2—  2 

+3.4 

—  1-3 

0.0 

—0. 1 

-f-O.  2 

+0.7 

—0. 1 

— 0. 2 

I     I—  2 

—1.7 

+  0.7 

-|-0.  2 

-fo.5 

— 0.  2 

-0.5 

0.0 

-ho.  I 
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Arg= 

cos  l' 

til' 

COS  V 

H'— 
^cosi 

sin. 

coa. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

i'  i 

4 —  2 

11 

— 0.  27 

// 

+0.41 

// 

—0. 16 

// 

+0.07 

// 

—0. 13  

// 

— 0. 08 

// 

+0.05 

// 

+0.09 

0 

3—  2 

+0.5 

-0.8 

0.0 

—0. 1 

+0.3 

1-0.1 

0.0 

0.0 

I 

2—  2 

2 

-f-u.  4 

0. 0 

4-0  I 

—I 

5-  2 

-fo.ooi 

+0.  092 

+0. 866 

— 0.  015 

+0. 1 1 1 

— 0.009 

+0. 421 

—0. 022 

0 

4—  2 

— O.OI 

—0.17 

— 0. 65 

+0.01 

— 0. 19 

+0.01 

— 0. 35 

+0.03 

I 

3-  2 

+0. 02 

+0.07 

— 0. 03 

0.00 

+0. 12 

— O.OI 

+0.05 

— O.OI 

—I 

6—  2 

-fo.  008 

-fO.OI2 

+0.389 

— 0.214 

+0.052 

— 0. 025 

+0.177 

—0.  102 

0 

5-  2 

— 0. 01684 

—0.  02048 

— 0. 30202 

+0. 16809 

— 0. 07626 

+0. 04104 

—0. 15 1 74 

+0.  08781 

I 

4—  2 

+o.cx>9 

+0. 006 

— 0.010 

— 0. 008 

+0.043 

— 0.028 

+0.  01 1 

— 0.012 

—I 

7-  2 

+0.07 

— 0.  11 

+0.01 

— 0.01 

+0.03 

— 0.05 

0 

6 —  2 

— 0. 06 

+0. 07 

— O.OI 

+0.  02 

— 0.  03 

+0.05 

I 

5-  2 

+0.001 

0.000 

—0.004 

— 0. 001 

+0.006 

— 0.012 

+0.001 

— 0.  005 

1 

^  3 

0 

* —  3 

—I 

0 

3—  3 

0.0 

+0.1 

+0.4 

—0. 1 

+0.1 

—0.  1 

Q 

2—  1 

+0.1 

— 0.  I 

— 0. 2 

+0.1 

+0.1 

— 0.  I 

—  I 

4—  3 

—0.7 

— I.  0 

+0.4 

—0.3 

+0.  2 

0.0 

—0.2 

+0.  2 

Q 

6  0 

+1.5 

+2.  0 

-0-3 

+0.  2 

—0.4 

+0.3 

+0.3 

— 0.  2 

I 

z —  3 

—0.7 

—1.  0 

—0.2 

+0.1 

+0.  2 

— 0.  2 

C—  7 

J —  0 

—0.4 

— 0.  2 

—0. 1 

^.3 

0.0 

+0.1 

Q 

4  J 

+0.8 

+0.3 

+0.1 

+0.  2 

—0.  I 

+0.1 

0.0 

— 0.  I 

1 

3  0 

—0,4 

— 0.  I 

—  I 

^3 

— 0. 1 

0.0 

+0.1 

+0.6 

0.0 

— 0.  I 

+0.1 

+0.  2 

0 

5-  3 

0.  0 

 1 

 0.  I 

 I 

—0. 1 

 0.  2 

I 

4-  3 

— 0.  I 

0.0 

0.0 

+0.1 

—I 

7—  3 

— 0. 01 

+0. 01 

+0.  24 

+0.  26 

+0.  02 

+0.03 

+0.  II 

+0.  12 

0 

6-  3 

+0.  02 

— 0. 02 

— 0,  20 

— 0. 23 

— 0.04 

— 0. 05 

— 0. 10 

— 0.  10 

—I 

8-  3 

— 0.001 

+0. 003 

+0.117 

+0. 049 

+0.011 

+0.006 

+0.055 

+0.018 

0 

7-  3 

— 0.001 

— 0. 005 

— 0. 100 

— 0. 040 

— 0.018 

—0.009 

—0.047 

-<>.oi5 

I 

6-  3 

+0.01 

0.00 

0,00 

+0.01 

+0.01 

0.00 

—I 

9-  3 

+0. 03 

—O.OI 

+0.01 

— O.OI 

0 

8-3 

— 0.026 

+0. 003 

— 0.004 

+0.001 

— 0.012 

+0.001 

I 

7-  3 

+0. 001 

+0.001 

+0. 002 

— 0.001 

+0. 002 

— 0.002 

—I 

3—  4 

—1 

0 

2—  4 

0 

—I 

—I 

5-  4 

+0.5 

—0.6 

+0.3 

+0.4 

+0.1 

+0.1 

—0.3 

—0. 2 

0 

4—  4 

— I 

+1 

0 

—I 

I 

3—  4 

+  1 

—1 

—I 

6 —  4 

+0.1 

^.3 

+0.2 

0.0 

—0.2 

— 0. 1 

0 

5-  4 

0.0 

+0.7 

—0.  I 

0.0 

0.0 

—0.  I 

+0.2 

+0.1 

I 

4—  4 

0.0 

^'3 

—1 

7—  4 

0.0 

—0. 1 

—0.4 

+0.3 

—0.  I 

+0.1 

0 

6—  4 

+0.1 

+0. 2 

+0.3 

-0.3 

+0.1 

—0. 1 

I 

5-  4 

0.0 

—0. 1 
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Arg= 

n/s> 
C  C 

.A' 
ho' 

cos  t' 

COS  i* 

u 
cos  t 

sin. 

COS. 

*C08. 

Bin. 

COS. 

sin. 

COS. 

X     i'  i 
—I  8—4 

// 

// 

// 

—0.  1 

// 

+0.  2 

// 

// 

// 

— 0. 1 

// 

+0.1 

o  7—4 

-j-0.  2 

— 0.  2 

+0.1 

—0. 1 

— o.  03 

+0. 10 

0.00 

+0.05 

0  8—4 

+0.1 

— 0.  1 

— I  10 —  4 

+0.009 

+0. 026 

+0.001 

+0. 001 

+0.004 

+0.012 

o  9—4 

0.00 

— 0,  02 

— O.OI 

— O.OI 

— I    II —  4 

+0. 003 

+0. 003 

+0.  002 

+0. 002 

0  10 —  4 

+O.OOOI 

— O.OOOI 

—0.0046 

— 0.0045 

— 0. 0006 

— 0. 0005 

— 0. 0021 

— 0.0019 

1     9 —  4 

+0. 003 

+0.001 

+0.001 

— 0. 001 

o     5-  5 

— I 

0 

-I  8-5 

— 0.  1 

CO 

— 0.  2 

—0. 1 

0  7—5 

— O.  I 

+O.I 

+0.  2 

+0.1 

-I     9-  5 

 0.  2 

0.0 

0  8—5 

+0.  2 

0.0 

-I    lo-  5 

— 0.  I 

0. 0 

o    9—  5 

+0.1 

0.0 

CHAPTER  XV. 


SECOND-ORDER  PERTURBATIONS  OF  THE  MEAN  ANOMALY  AND  RADIUS-VECTOR  OF  SATURN, 
ARISING  FROM  THE  MUTUAL  ACTION  OF  THIS  PLANET  AND  JUPITER. 

When  the  eight  terms  of  ST\  given  in  the  two  preceding  chapters,  are  added  the 
following  expression  is  obtained : 


Arg=«/+i'flf'+<flf 


H 

i' 

i 

O 

0 

o 

—  I 

I 

o 

—  I 

2 

0 

0 

I 

o 

I 

0 

o 

— I 

3 

0 

o 

3 

o 

I 

I 

o 

—I 

4 

o 

0 

3 

0 

I 

2 

0 

— I 

5 

o 

0 

4 

o 

I 

3 

o 

o—  4— 

— I—  2 — 

o-  3— 
— I—  I— 

0—  2— 

1—  3— 

—  I  o — 

0—  I— 

1—  2— 
—I  I— 

o  o— 
I—  I— 

—I  2— 

0  I  — 

1  o— 
— I 


3— 

2— 
I  — 


sin. 

COS. 

// 

// 

// 

+0. 0000741  + 

4.  6i3i«V 

+0.7956 

+  I.Il8l«V 

—0. 145312  +  i6.63S4«V 

+0. 330 

+284. 440»'/ 

+0. 167 

+366.  2\ft!t 

—1. 1711 

—  S9-6oo«'/ 

— 0.  3461 

35. 

-hi.771981—  39.0494«'^ 

-1.345783 

SO.  7489«7 

•4-0.217 

+  101.  7«7 

— 0.  200 

+  32. 0«'/ 

— 2.  214 

—  48.  \n't 

+3.626 

li.4«'/ 

+3-  275 

—  12. 5i«V 

—5. 717 

6.  So«V 

+0. 023 

+  i7.o«V 

— 0. 342 

6.  ytH 

+0.258 

—  10. 3«7 

+5.245 

+ 

3.  Sn't 

— 0.  232 

—    2.  \n*t 

-8.613 

0.  2«7 

-0. 97 

+  i.5«'^ 

+0. 18 

1 . 9«  V 

+2.  IS 

—    I.  \n't 

— 0. 42 

+ 

i.4«'^ 

—1. 013 

—    0. 2«'/ 

+0.414 

+ 

0.  \n't 

—0. 22 

— 0.  OS 

— 0. 36 

— 0. 28 

+0. 10 

+0. 22 

+7.219 

—     0.  2«V 

-1.638 

+ 

I.2«7 

-5- 13 

—    0.  Mt 

+  1.  21 

+ 

0.  %nH 

+0.75 

+  o.s«'/ 

—0.  18 

3.  2«'/ 

+4. 70s 

—  i7.4«'^ 

—3.  944 

+ 

0.  3«V 

-3-  587 

+  Z-SnH 

+2.819 

+ 

2.  4«7 

+0. 426 

—  3.3«'^ 

-0. 355 

14.  2«'/ 

+2.456 

+426. 4w7 

—2.  734 

+  167.  o«'/ 

-1.786 

— 86i.9«V 

+2.  216 

317.  \nH 

+0. 263 

+  3I;  Zn't 

— 0. 500 

+ 

i.6n'i 

+0. 4999 

+    6. 72«V 

+0.0123 

+  I4.49«'^ 

-0.026 

—  64.  75«'^ 

+  1.866 

3.  68«7 

— 0. 396 

-  3.6«'/ 

—2.371 

16.  ^n'i 

+0. 46S0 

— 249.9iS«'^ 

+0. 1670 

+324.  289«V 

—0. 5363 

—  ii.S05«'^ 

—0.7127 

64.  268«7 

+1.5274 

—  36.  26«V 

+  1.0156 

+  4i.42«V 

3*3 


3H 
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5T' 

Arg_«/-|-i'^'+t^ 

siu. 

COS. 

H  1 

1 

// 

// 

// 

// 

-I  4— 

0. 2^2 I 

—    4*  "J'*  ^ 

+0. 0602 

+  174.  42«V 

o  3- 

I 

+  0.3459 

—  16.  529«'/ 

—0.  7243 

96.  204«V 

I  2— 

+  2. 7944 

+   8. 632W'/ 

+  1.5498 

4.  266«V 

-I  5- 

—  5.313 

+  18.  m't 

+0. 928 

+  34. 5«'^ 

o  4— 

+  14.  669 

—  15.08WV 

—2.  763 

I  3- 

—  2.2885 

+  1.9SWV 

+0.  3606 

I.  ( 

—I  6- 

  0.040 

+  5. 

— 0. 029 

+ 

3-  Sn't 

o  5- 

—  0.016 

—    4. 6»V 

+0. 014 

2. 5wV 

I  4— 

+  0.452 

+    0. 2n't 

—0.  173 

0.  2»V 

—I  7- 

—  0.004 

+    2.  m'i 

— 0. 021 

+ 

0.  3«V 

o  6— 

—   0. 7wV 

+ 

0.  2n't 

—  I —  I— 

2 

+  0.31 

— 0.  54 

O—  2— 

2 

—  0.  28  * 

+0.  28 

I—  3— 

2 

+  0-03 

— 0. 02 

— I  o— 

2 

+  2.43 

—   2. 8wV 

+5.09 

0. 6«V 

O —  I— 

2 

—  1-95 

0.  on't 

-3-95 

+ 

2«V 

I—  2— 

2 

+  0-35 

+  in't 

+0.76 

on't 

—I       I  — 

2 

+  4*14 

-j-  48. 5«V 

+3.09 

+ 

8.  Zn't 

0  0— 

2 

—  3-35 

—  80. 5wV 

—2. 49 

30. 4wV 

I—  I  — 

2 

+  0-59 

+  13- 5«'-^ 

+0.37 

2.  3«'/ 

—  I  2— 

2 

+  2.888 

—  60.  m't 

+1.510 

+ 

II.  iwV 

O  I— 

2 

—  2. 172 

+245.  3w'/ 

—1.067 

—324.  on't 

I  0 — 

2 

+  0.27 

— 260.  9wV 

— O.OI 

+350-  3^'^ 

—1  3— 

2 

—  0. 043 

+    7. 8»'/ 

+0. 663 

45.  3«'^ 

O  2— 

2 

—  0.994 

+  4.6«V 

— 0. 006 

+  20.0«V 

I       I  — 

2 

+  1-335 

—  10. 3»V 

-o.  558 

+ 

9.  5«V 

—I  4— 

2 

—  0.  2422 

—597.  94wV 

—0. 4767 

—350.  85«V 

o  3— 

2 

+  0.713 

+389.  2nU 

+2.313 

+210.  7wV 

I  2— 

2 

—  0.441 

—  27.  !«'/ 

— 0. 350 

7.  2«V 

—I  5— 

2 

+  0.  21223 

—259.  352«V 

—0. 10347 

0.  844»V 

0  4— 

2 

+  0.1 153 

+  188.  20«V 

—0. 3569 

2.  28«'/ 

I  3— 

2 

—  0.4886 

—  11.85WV 

+3. 0246 

+ 

8.  6i«V 

—I  6— 

2 

+  1.46667 

—  5i.7o7«'/ 

+3-  25760 

+  30-59o»V 

0  5- 

2 

—  0.0460094+  40.  27460WV 

+0. 0201528— 

24. 10504WV 

I  4— 

2 

+  1.24452 

—  i.oi5«V 

+2. 89090 

+ 

3. 976«V 

-I  7— 

2 

+  0.853 

-  5-25«V 

+0, 482 

+ 

9.  77^'/ 

0  6— 

2 

—  0. 2822 

+    4.  24  wV 

— 0. 1456 

8. 02«V 

I  f  

2 

+  0.00396 

+  o.3i8«V 

+0. 00202 

+ 

0. 786wV 

—I  8- 

2 

+  0. 178 

0.  owV 

—0. 010 

+ 

i.7wV 

o  7— 

2 

—  0.095 

—   0.  i»V 

+0. 007 

i.4«V 

I  6— 

2 

+  0.006 

-|-    0. 12WV 

— 0. 002 

+ 

0. 07«V 

—I  9— 

2 

+  0.022 

— 0.015 

0  8— 

2 

—  0.014 

+0. 009 

—  I  0 — 

3 

+  0.60 

+0. 22 

0 —  I  — 

3 

-  0.38 

— 0.  25 

I —  2 — 

3 

+  0.04 

+0.03 
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SV 

Arg— wZ+i'^f'+ip 

sin. 

COS. 

i'  { 

// 

// 

// 

// 

I—  3 

—  3. 10 

—  5^'^ 

-f  2.  48 

o«'/ 

o 

o-  3 

+  2.53 

—    on  t 

^,07 

— 

I- 

I—  3 

—  0. 50 

+0.44 

+    In  r 

— I 

2-  3 

—  1.  02 

—  17^'/ 

+3-  70 

+  I3«'^ 

1-  3 

+  1-37 

+  43«'^ 

—3. 11 

—  5S«'' 

I 

3 

—  0. 23 

—  ^in't 

-f-o.  00 

-f-  om  I 

—1 

3-  3 

—  0.54 

-[-130.  SnU 

+2.  85 

+    6.  Sn't 

2-  3 

+  0.25 

—  76.2«V 

— 2.  26 

—  9.7«'/ 

I 

1"  3 

+  0.16 

+  iiwV 

+0. 27 

+  4«'/ 

—I 

4-  3 

—  1.406 

+  25,9wV 

—1.289 

—  I2.8«'/ 

-  0 

3-  3 

-f-  2.26 

—  19. 4»'/ 

+2.84 

+  17.  7»'/ 

I 

2-  3 

—  1.44 

+   0. 7w'/ 

—2.09 

—   2. 4«'/ 

—I 

S—  3 

—  1.488 

+180. 5  w'/ 

+0.191 

-543. 8«'/ 

4—  3 

+  0.760 

— 120.  iwV 

—0.  070 

+398.0?/'/ 

1 

3-  3 

+  0. 397 

+  13.  2W'/ 

+0.  200 

—  57.o«V 

— 1 

6-3 

+  1.425 

—  49. 6wV 

+0. 4S4 

—257.  2n't 

5-  3 

—  4. 482 

4-  40.  9«'/ 

+0. 096 

+200. 4w'/ 

I 

4-  3 

+  0. 274 

—  12. 3«'/ 

—0. 039 

—  23.  iwV 

—I 

7"  3 

+  1.4673—  46.54«'^ 

—0.7986—  53- 83^'^ 

6-3 

—11.896  +  38.37«'^ 

+7.967  +  44.  iiwV 

1 

5-  3 

+  4. 286 

—  6.8«'/ 

—2.956 

—   3.  o»'/ 

8-  3 

—  0.0273 —  14. 190WV 

+  1.6244—  4.777«'^ 

7-  3 

—  0.8052+  i2.o6o»'/ 

— 0.3825+  4.095«'/ 

6-  3 

4-  0. 1834—  1.51W'/ 

—0. 0722+   0. 36«V 

— I 

9—  3 

+  0, 1600—    2. 62«'/ 

+0.4221+   0. 54wV 

8-  3 

—  0. 1654+  2.305»'/ 

—0.2461—  o.487«V 

7-  3 

+  0.0271—  0. 176^'/ 

— 0.  OOI1+    0.  2o6w'/ 

— I 

10—  3 

+  0.054 

—   0. 3w'/ 

+0.049  +   0.  i«V 

9—  3 

—  0.037  +   0. 26«V 

— 0, 020 

—    0. 28«'/ 

8-  3 

-f  0.024 

0.  oo«'/ 

— 0.050  +  0.03W'/ 

lo—  3 

—  0.008 

— 0. 002 

—I 

I—  4 
o—  4 

—  0. 10 
+  0. 14 

+0.56 
— 0.41 

—I 

2-  4 

—  2. 10 

—  iw'/ 

-i.6i 

+  iwV 

1—  4 

+  1.85 

+  4«'^ 

+1.38 

—  5«'/ 

o—  4 

—  0.43 

—  4w'/ 

— 0. 35 

+  5^'^ 

—  2.91 

+  Sn't 

—0.60 

—  5«V 

2—  4 

+  2.53 

—  IO»'/ 

+0.45 

on't 

I—  4 

-  0.51 

+ 

— 0. 10 

on't 

4—  4 

—  2.  38 

— 0. 02 

+  iiiwV 

3—  4 

+  2.08 

—  IIW 

+0.17 

-  Tjn't 

2—  4 

—  0.42 

ow'/ 

— 0. 20 

+  I3«'/ 

S"  4 

+  0.05 

+  14. 8w'/ 

—0.57 

+  14.  S«'^ 

4-  4 

—  0.37 

—  20W'/ 

+0.78 

—  io»'/ 

3-  4 

+  0-44 

+  3^'^ 

—0.34 

+  zn't 

6 —  4 

—  0.28 

+426.  6wV 

—1.28 

+  47.  7w'/ 
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sin. 

cos. 

V  i 

// 

// 

// 

o 

5—  4 

— 0.  22 

—333-  5»'^ 

+  1.24 

—  29.  o«V 

4—  4 

+0.07 

-|-  01.  2WY 

— 0. 43 

+  3- 

7—  4 

+0.448 

+214.  ^n't 

 0.  900 

—  87.  g?z7 

o —  4 

—1-713 

— 175-3»'^ 

+0.  387 

+  73-8«V 

5—  4 

+  1.  18 

+  26. 3«V 

+0. 79 

—  17.  2«'/ 

8 —  4 

—6.910 

+  45-  3w* 

— 6. 607 

—  56-  9»'^ 

7—  4 

+4.  714 

—  38.  iwV 

+4. 027 

+  48.  Sn't 

0 —  4 

— 287 

+  3.o«V 

—0. 271 

—    8. 9wV 

y  4 

—3. 379 

+  2.51WV 

— 844 

—  il^iZn't 

8^  4 

+2. 326 

—   2.  on't 

+0. 605 

+  14.9//'/ 

7—  4 

— 0. 170 

—   0. 6wV 

+0.032 

—  i.8«'/ 

10 —  4 

— 0. 76701 

—  1.304WV 

+0. 22652 

—    3.  204«V 

9—  4 

+0.  583s 

+    I.  nn't 

— 0. 1 641 

+    2. 89«V 

8—  4 

-0.03s 

—  o.3S»V 

+0. 041 

—   0.  25 «V 

II —  4 

— 0. 10300 

—  0.49IW'/ 

+0. 1 1 172 

—   0.  368wV 

10 —  4 

+0. 080846+   0.  444i«V 

— 0. 085242+    0.  3430W7 

—0. 00264 

—  0. 074»V 

+0,01303 

—   0. 004WV 

II —  4 

+0.0043 

+   0.  ogn't 

— 0. 0189 

—  o.oiwV 

—I 

2 —  5 
I—  5 

— 0.  46 
+0. 37 

0.00 
+0.06 

—I 

3—  5 

+0. 72 

—  in*t 

-1.59 

o«7 

2 —  5 

-0. 60 

+1.42 

+  i»V 

I —  5 

+0.1S 

— 0.  34 

4—  5 

-0. 08 

+  8«V 

—2. 07 

+  9«V 

3—  5 

+0. 06 

—  ZnU 

+  1.79 

—  6»V 

2 —  5 

-0.03 

—  3»V 

— 0.  36 

owV 

—I 

5—  5 

—0.41 

—  83«'/ 

-1.58 

+  28»V 

4—  5 

+0. 32 

+  63«V 

+  1.31 

—  22»'/ 

3-  5 

— 0. 06 

—  I2«'/ 

—0.  19 

+  3«V 

—I 

6 —  5 

+0.18 

—  Sw'/ 

—0.  26 

+  I2«'/ 

5-  5 

— 0. 26 

+ 

+0.  15 

—  i7»'/ 

4—  S 

+0. 13 

—  i«V 

+0. 04 

+  5«'^ 

7—  5 

+0, 82 

+  29«'/ 

-0.53 

+301  wV 

6—  5 

—1.04 

—  30W'/ 

+0.  36 

— 244W'/ 

5-  S 

+0. 28 

+  in't 

+0.07 

+  53«'^ 

8—  5 

+0. 39 

+  106.  7«V 

— 0.  79 

+  157.  ow  t 

7-  5 

—0.31 

—  91,  2WV 

+0.  66 

—132.  on  t 

6—  5 

+0. 06 

+  20«V 

— 0. 08 

+  22«  / 

9—  5 

+4. 335 

+  59.9»V 

—7-  244 

+  30.  s^t 

8-  5 

-3-03 

—  52.6«V 

+5.14 

7-  5 

+0.40 

+  9.9«'^ 

—0.  70 

+    2. 2«  V 

lo—  5 

+0. 183 

+  17.  7»'^ 

— 3- 731 

—   0. 9«'/ 

9—  5 

— 0. 150 

—  IS.9«V 

+2.  865 

+   0.  g«V 

8—  5 

— 0. 060 

+     2.  2«V 

—0. 348 

—  i.on'i 

II —  s 

—0.451 

+  3-2«V 

—0.  890 

—   2. 3«V 

o 

lo—  5 

+0.  345 

—  3«'^ 

+0.  707 

+  2»V 
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ST 

Arg—Hy'+t'g'+ig 

ein. 

co«. 

H 

i'  i 

// 

// 

// 

I 

9—  5 

— 0.068  +  o.4»V 

— 0. 062 

0.  SnU 

—  I 

12—  5 

—0. 1725+  0.34^'/ 

— 0. 1117— 

0.  70WV 

0 

II—  5 

-f-o.  127 

—  0.3IW'/ 

+0.087  + 

0.  62w'/ 

I 

10 —  5 

— 0. 013 

+0.  001 

 1 

13—  5 

— 0.  0391—    0.  022«V 

— 0. 0007 — 

0.  i39»'/ 

0 

12—  5 

+0.  0320+    0.  022»'/ 

+0. 0008+ 

0. 128«V 

I 

II—  5 

— 0.0030 —  O.OI«V 

+0. 0017 — 

0. 01 

 1 

3 —  0 

—G»  09 

— ^*  35 

Q 

2   6 

0.  0 

— Lo 
— pw.  z 

 1 

4   D 

1 . 1  ^  10 

-I-  in*/ 

+0.  24 

+ 

Q 

3 —  ^ 

—  1 . 00 

—  f 

—0.  19 

iwV 

1 

2   6 

-Ln  1 9 
-f-w.  17 

+0.  04 

 1 

e   6 

—0.  32 

+  ion'/ 

A   6 

—  I.  23 

+0.  30 

I 

•2   6 

+0.  16 

—  2WV 

— 0.04 

+ 

3«'^ 

 I 

6   6 

-f-0.98 

—  32W'/ 

—0.52 

53«V 

<—  6 

-0.  86 

+  29WV 

-Fo.48 

+  4i»'/ 

I 

+0. 06 

—  6«V 

—0.06 

gn't 

 I 

•7—  6 

+0.  24 

—  7wV 

— 0. 08 

on't 

0 

6—  6 

— 0. 16 

-f  iiwV 

— 0.09 

in't 

I 

e   6 

—  3«'^ 

+ 

—  I 

8—  6 

+0. 54 

-i95«'/ 

+0. 41 

+  59«'/ 

0 

7—  6 

— 0. 47 

+  i63»V 

—0.49 

I 

6—  6 

+0.07 

—  42«7 

+0.04 

+  i4wV 

 I 

+0. 60 

—  99«V 

— 0. 12 

+  i04«V 

Q 

8—  6 

—0.58 

+  87«V 

+0. 05 

I 

7   6 

+0.  II 

—  15WV 

+0. 02 

+  20«V 

 I 

10   5 

+6.15 

-  15. 4«'^ 

+2.05 

+  56.OWV 

0 

9—  6 

—4.  78 

+  I3«'^ 

-1.55 

49«V 

I 

8-  6 

+0. 86 

owV 

+0.  28 

+  lon'f 

—I 

II—  6 

+3.38 

-f    4.  iwV 

— 0. 52 

+  16.3WV 

0 

10—  6 

—2.73 

—  3.7WV 

+0.41 

14.  in'i 

I 

9-  6 

+0.42 

+  i.4«V 

— 0. 14 

+ 

2. 4w7 

— I 

12—  6 

+0.829  +   3.  iwV 

—0.646  + 

3.  on't 

0 

II—  6 

— 0.  702 

—   2. 9»'/ 

+0.528 

2.  7»'/ 

I 

10—  6 

+0.06 

-f    0.  6mV 

— 0. 09 

+ 

0. 4w'/ 

— I 

13-6 

-f-o.  089  +   0.  8«V 

-0.  233  + 

0.  m't 

0 

12—  6 

— 0. 086 

—   0. 7«'/ 

+0. 196 

0.  in*t 

I 

n—  6 

— 0.001 

— 0. 029 

—I 

4—  7 

-f-o.  2 

—0.  r 

0 

3—  7 

— 0. 1 

+0.1 

—I 

5-  7 

0.0 

+0.7 

0 

4—  7 

0.0 

-0.7 

—I 

6-  7 

+0. 37 

—  I2WV 

+0.77 

0 

5-  7 

— 0.  34 

+  9«'^ 

— 0.69 
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5T' 

Bill* 

COS. 

w 

i'  i 

—  I 

7—  7 

+0.46 —  29^7 

o 

6—  7 

— 0. 40— 23«'/ 

— 0.40+  25?;'/ 

I 

5-  7 

+  io«V 

—  7«'/ 

— I 

8—  7 

+0. 13—  2«7 

+0.  II—  6n*t 

o 

7-  7 

— 0. 12+  i«V 

— 0. 15+  I4«V 

I 

6—  7 

-f  2«V 

—  8«7 

—I 

9-  7 

— 0. 21— 67«V 

+0. 43— ii5«'/ 

o 

8-  7 

-|-o.  i4+6o«7 

— <>-35+  9ln't 

I 

7-  7 

— 0. 02— i6«V 

-|-o,07 —  2^n't 

—I 

lo—  7 

-|-o.  32-90^7 

+0-33—  S2«V 

o 

9—  7 

— 0.  24-|-78«V 

— 0-37+  45«'^ 

I 

8—  7 

+0. 05— I4«V 

+0.05—  8«V 

—I 

II—  7 

—0.45— 47«V 

+4. 62—  4«V 

o 

10 —  7 

-f  0. 34+42«V 

—3. 78+  2«V 

I 

9-  7 

—0.09—  7«V 

+0. 75  o«'/ 

—I 

12—  7 

-f  1.07— 12«'/ 

+2. 68+  6«'/ 

o 

II —  7 

— 0. 87+1  i«V 

—2. 28—  en't 

I 

lo—  7 

+0.20—  i«V 

+0.37+ 

—I 

13-  7 

+0.74—  2.  0«V 

+0.  65+    2.  3«V 

o 

12—  7 

—0.67+  i.3«V 

—0.58—  i.S«'/ 

I 

II—  7 

+0. 12 

+0. 08 

—I 

6—  8 

—0.3 

+0.1 

o 

S-8 

+0.3 

— 0. 1 

—I 

7-8 

— 0. 4  o«V 

+0.3  —  5«V 

o 

6—  8 

+0, 3  o«V 

-0.3  +  9«'/ 

— I 

8-  8 

—0. 13+23«V 

+0.30+  I2«'/ 

o 

7-8 

+0,  I  — 20«'/ 

— 0.2  —  I2«'/ 

I 

6—  8 

+  3«'^ 

+  i«V 

—I 

9—  8 

—0,06+  7«V 

+0.02—  5«V 

o 
I 

8—  8 
7-8 

—o.oi—  8?;V 
+  8«V 

—0. 03+  4«'/ 
—  i«V 

—I 

lo—  8 

—0.  2o4-67«'/ 

+0,04—  56«'/ 

0 

I 

9-8 
8-  8 

+0.18— s6«V 
+  ii«V 

—0.05+  4S«V 
—  9«V 

—I 

II-  8 

—0.  o7+2S«'/ 

+0.37—  7o«'^ 

0 

10—  8 

-f  0.  19— 2I«V 

—0-36+  59«^ 

I 

9-  8 

— 0.01+  3»V 

+0.04—  ii«'/ 

—I 

12—  8 

—3. 14—  4«V 

+0.42—  32«'/ 

o 

II—  8 

+2.  62+  4«V 

— <>-38+  zon't 

I 

10—  8 

— 0.61—  i«V 

+0. 07 —  4»'/ 

—I 

13-  8 

_L  I  22   0«'/ 

o 

12—  S 

+  1.57+  Sn't 

—1.00+  7«'/ 

I 

II—  8 

— 0. 30 

+0.  21 

— I 

7-  9 

— 0. 1 

— 0. 2 

— I 

8-  9 

—0.  2  +  8«V 

— 0.  2  —  3«'/ 

o 

7-  9 

+0.  2 

+0.  2 
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COS. 

X 

i'  i 

—I 

9—  9 

+i5«V 

0 

b —  9 

-J-  /re  ♦ 

— 19»'/ 

— I 

10 —  9 

+  2»V 

—   +I4«V 

0 

9 —  9 

—  I»'/ 

— i4«V 

— I 

II —  9 

—0.  io+35»'/ 

— 0.  ii4-25»'/ 

0 

+0. 02— 33«V 

+0.  II — 23»V 

I 

9 —  9 

+  5«'^ 

+  3«'^ 

—  I 

12 —  9 

-0. 34+5o»'^ 

—0.02+  8»V 

0 

II —  9 

+0. 33-45«'' 

+0.07—  7»V 

I 

10—  9 

+  Mt 

+  in't 

—I 

13—  9 

— 0.  JS+^^^'^ 

—1.95—  7»'/ 

0 

12—  9 

+0. 59-i9«V 

4-1.67+  6»V 

I 

II—  9 

"  0. 13 

— 0. 36 

—I 

10— 10 

— i4wV 

+  2»V 

0 

9—10 

+  I3«V 

—  2«V 

— I 

II— 10 

—  7«V 

+  3«'^ 

0 

10 — 10 

+  6»'/ 

—  4«'/ 

—I 

12—10 

—  9w'/ 

+26»'/ 

0 

II— 10 

+  SnU 

— 20wV 

—I 

13—10 

— 0. 19+  i»V 

— 0.  2I+23»V 

0 

12—10 

4-0. 1  —  2«V 

4-0.2  — 24«V 

—  I 

12— II 

—  8»'/ 

—  9»'/ 

0 

II— II 

+  7«V 

+  7«'^ 

—  I 

13— II 

—  8«V 

In  deriving  5Wo'  from  5T'  it  has  been  deemed  advantageous  to  equate  the  motion 
of  the  arguments  in  the  terms  involving  sg'—2g  and  log'—^g.  The  formulae  for 
this  have  already  been  given  (p.  275).  In  the  two  terms  we  treat  by  this  process 
there  has  been  found : 


Arg. 

log  A 

K 

logB 

logx 

log// 

log'— 40 

0. 4798525 
9. 0047 1 21 

0   /  ft 
68  0  23.  25 
313  9  56.7 

6. 86i4o88« 
4,  7292 

7. 1863943^ 
6. 7424 

1.4973782 
I. 1722875 

By  the  aid  of  these  quantities  the  terms  of  6Wq  in  question  have  been  found  as 
follows : 


Arg. 

coa. 

sin. 

59'— ^9 
log*— 49 

//  // 
— 0. 92297 — 0. 1261798^'/ 
—I.  20442—0.  ooo66oo«'/ 

//  // 
+4-38773— o.o767907«'/ 
— I.  26809+0. 0005106WV 
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The  expressions  for  5W7  and  -\(^  'j^''^  fo^lo^  '• 


COS. 

sin. 

i'  i 

// 

// 

o  o 

—  0. 7984 

4.  77o6«V 

+  ho 

+ 

2.  3o6s«'V3 

I  0 

+  0. 9868 

— 13541. 6o«'/ 

—  0. 2596 

4-17867. 4i«'/ 

+ 

2S.3745«''^' 

+  Ic, 

I9.S247«'2/2 

2  O 

—  2.2418 

374.  62«7 

—  3- 9742 

4- 

494.  75«'^ 

+[8.4472]^!- 

0.  7io6«'V 

+  [8.4473]^- 

0  Ca6qm'*/3 

3  0 

—  0.0621 

15.  26«'/ 

—  2.  8029 

4- 

20,  i6»V 

+[7.o7o5]/;i— 

0. 0298«'V 

+  [7.0707]*^ 

0  0210m'3/3 

4  0 

—  0. 0064 

0.  7 1 M V 

—  0.  ot;8'? 

4- 

1 .  o5«'/ 

/  /  J  "'I 

0.  ooi5»'V3 

0. 001  in'y^ 

—4—  I 

—  0. 0336 

4-  0.0102 

—3-  " 

—  0.0018 

+ 

0.  oi«'/ 

4-  0.0376 

0. 02«'/ 

— 2 —  I 

-|_  1, 1202 

+ 

0.  o6«'/ 

4-  0  27q8 

0. 07«V 

-}-  1 . 0070 

+ 

1.  32«'/ 

4~  0. 91 10 

o.8imV 

O—  I 

49. 69»'/ 

4-  I. 1018 

4- 

14.  64«V 

I —  I 

■4-  0.  8^1^/1 

17.39//V 

3.  i8«V 

2 —  I 

—  0,  8qii 

+ 

435- 49«'^ 

4- 

736.  12«'/ 

3—  I 

4-  4.0768 
1    *r*  y/ 

+ 

52.  02«'/ 

62.  76^'/ 

4—  I 

—  2. q6qi 

0. 66«'/ 

 0. 8452 

3.  82«'/ 

S—  I 

—  0.  I4Q< 

0. 04«V 

—  0. 101 1 

0.  i8«V 

6—  I 

—  0.0022 

0.  26«V 

—  0.0070 

+ 

—3—  2 

+  0.002 

0.  oo«'/ 

4-  0.002 

0.  oo«7 

— 2—  2 

+  0.  0305 

o.oi«7 

4-  0.0232 

0.  oowV 

—  I —  2 

+  0.2429 

0.  io«'/ 

—  0. 4942 

+ 

0.  o6«'/ 

O^—  2 

+  0.4969 

2.  29«V 

—  0. 3576 

+ 

4.  22«V 

I —  2 

+  0.4814 

1 1 . 03« V 

—  0. 2504 

+ 

8.  5o«V 

2 —  2 

—  0.0352 

6.  72«7 

—  0. 2132 

+ 

22.  o6«'/ 

3—  2 

—  0.  2412 

2I2.09«7 

—  1.3520 

+ 

257. 39«'^ 

4—  2 

—  6.6128 

+  7966.  4i«'/ 

—27.4774 

26.  42«V 

S—  2 

—  1.07047 

1212. 9ii«'/ 

+  4.5083 1 

742. 402«V 

6-  2 

—  0.  1609 

ii.09«V 

4-  0-0999 

+ 

20.  4i«V 

7—  2 

—  0.0179 

0. 34«V 

—  0.0028 

+ 

0.  6o«7 

8—  2 

—  O.OOII 

0. 04«V 

—  0.0009 

+ 

0.  oSwV 

—2—  3 

+  0.001 

—  0.001 

—I-  3 

+  0.027 

—  o.ois 

o—  3 

—  0.2158 

+ 

0. 03«V 

—  0. 1786 

0,  o6«V 

I—  3 

—  0. 1215 

I.  12«'/ 

—  0. 2962 

2.  o8«7 

2-  3 

—  0.0638 

17. 27«V 

—  0. 2591 

0.  i7«'/ 

3—  3 

—  0. 1792 

4-  0.  IIS4 

+ 

6.  S8«V 

4—  3 

—  0.  2802 

+ 

40.  74«7 

—  0, 0963 

+ 

124, 48«V 

S-  3 

—  0.6832 

23. 88??'/ 

—  0.  2908 

+ 

105.  96«7 

6-3 

—  3-2151 

79. 14«'/ 

—  2.4514 

+ 

90.4i«7 

SECOND  ORDER  PERTURBATIONS  OF  SATURN. 


321 


dWo' 

COS. 

sin. 

i'  i 

/y  // 

//  // 

7-  3 

—  1. 5666  +51.  S3«V 

+3-  0950  —17'  9o«^ 

8-  3 

-|-  0.  2626  —  2. 92«7 

— onoois —  i.omi 

9—  3 

—  0, 0390  —  0,  o6«V 

— 0. 0843  —  0. 10«'/ 

lo  -  3 

-|-  0.0020 

— 0. 0033 

—  1—4 

0.000 

— 0. 002 

o—  4 

—  0.004 

— 0.016 

I—  4 

—  0. 113    —  0.  in't 

+0. 086       0.  o«V 

2—  4 

—  0. 1704  +  0.  io«V 

+0.0423  +  0.  ign't 

3—  4 

-  0.ISS3  +  I.  isn't 

+0.0081  —  9.  33«V 

4—  4 

4-  0. 0080  +  3.  ZQn't 

+0.0435  —  i.88«V 

S-  4 

—  0. 1018  +S3-25«'^ 

+0. 1627  —  5.8g?tV 

6-  4 

—  0. 1474  +34. 85«V 

+0. 1720  +15.  S^n'i 

7-  4 

—  2.3082  -j-ii'4S«'^ 

+2.1392  +i5.7i«V 

8—  4 

—  2. 1577  +  2. 04«V 

+0.  0759  +  9.  9o«V 

9—  4 

0354  4-20.  58«V 

+3*5243  — 5i-oo«'^ 

10 —  4 

—  1.11130 —  6.224«7 

—  1. 17797+  4-  77o«'^ 

II—  4 

—  0.0041  —  0.  o8«V 

— 0. 0181  —  o.om't 

I-  S 

—  0.010 

0.000 

2-  5 

+  0.031  o.o«7 

+0.070   —  0.  m't 

3-  S 

—  0.008  o.on't 

+0. 098   —  0.  5«7 

4-  5 

—  0.022   —  S.on't 

+0.079   —  i.6n't 

5-  5 

-f  0.0127  —  o-  63«V 

+0.0195  —  I.  74«'/ 

6-  5 

+  0.0319  -f-  2. 32«V 

+0.0397  —25.  72«7 

7—  5 

-|-  0.0774  +10. 97«V 

+0.1305  — i5.o6«V 

8-  s 

+  0.6569  +  7-7S«'^ 

+1. 1297  —  3. 39»V 

9-  S 

-f  0.0109  +  3'28«V 

+0.  o05iS  +  0. 37«'f 

lo-  5 

—  0.  2064  +  i7«V 

+0*3637  +  0. 99«V 

11-  5 

—  0. 3286      0. 6o«V 

+0. 2073  +  I.  23«'/ 

12—  5 

-f  0. 141 7  -f  0'  o8«V 

— 0. 0043  —  0. 47«V 

2—  6 

—  0.004 

+0.013 

3-  6 

-f  0. 034   —  0. 2«V 

—0.008  +  0.  m't 

4-  6 

+  0.041    —  o.3«V 

+0.009   —  o,$n't 

S-  6 

+  0.  028    —  1 .  2«V 

+0.015    +  2.  7«V 

6—  6 

-f  0.014     —  0.  2«V 

+0. 018   —  0. 4»V 

7-  6 

-j-  0.0311  — 12. 8i«V 

—0.0020  —  ^.zgn't 

8—  6 

+  0.0681  —  6. 29«V 

— 0.001 1  —  7.04«V 

9—  6 

+  0. 5948  —  0. 96«V 

— 0. 1924  —  4. 76«V 

lo—  6 

-f  0.3925  +  o.56«V 

+0.0785  —  I.66«V 

II-  6 

+  0. 1216  +  0. 47«V  • 

+0. 1097  —  o.43«V 

12—  6 

+  0.0172  +  0. 17«V 

+0.0630  —  0. 02wV, 

3-  7 

+  0.008 

— 0.  002 

4—  7 

-f  0.001 

— 0. 008 

S-  7 

-f  0. 006   —  0.  3w7 

—  0.013        0.  o«V 

6—  7 

+  0.008    +  I.  ^n't 

— 0.009    +  1'2«'/ 

7-  7 

+  0.001    —  0.  in*i 

+0.001    +  0.  4«V 

25  AST  21 
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Arg=i'^'+i5r 

COS. 

sin. 

i'  i 

//  // 

/;  // 

8-  7 

— o,  on — 3.4«7 

— 0. 022+5.  9m'/ 

9—  7 

-|-o.  017— 4.6m  V 

— 0. 026+2.  5m'/ 

10 —  7 

— 0. 029 — 2.  7mV 

— 0.315+0.  3m'/ 

II—  7 

+0. 095—0.  7m'/ 

— 0. 198 — 0.  4m'/ 

12—  7 

+0. 065 — 0. 3wV 

— 0. 053—0.  2m'/ 

5 —  o 

—0.003 

— 0.001 

6-  8 

— 0. 009+0. 1  m7 

— 0.  002 — 0.  2m'/ 

7-8 

— 0. 003-I-0.  5mV 

 O.OIO — 0.  2m'/ 

8—  8 

— 0. 007+0.  7mV 

+0. 001  +0.  5m'/ 

9-8 

— 0. 003+2.  6m7 

0. 000+2.  3m'/ 

lo—  8 

— o.ooi+i.  om'/ 

— o.oii+3.o»'/ 

II-  8 

— 0.  174 — 0.  2mV 

— 0. 022+1.  im'/ 

12—  8 

—0. 107—0.  3m7 

— 0. 075+0.  4m'/ 

6—  9 

— 0. 006 

+0.013 

7—  9 

— 0, 001+0.  SmV 

+0.001+0.  2m'/ 

8-  9 

+0.  2m7 

+0.  2m'/ 

9-  9 

+0.  imV 

— 0. 1«'/ 

10 —  9 

—0. 007+0.  8m7 

+0. 001 — 0.  5m'/ 

II—  9 

— 0. 006+1. 4wV 

+0. 002 — 0. 3«'/ 

12 —  9 

 0. 034+0. 4«'/ 

+0.  080+0.  2m'/ 

9—10 

—0.  imV 

0.  om'/ 

10 — lO 

— 0.  im7 

+0.  im'/ 

II— 10 

—0.  imV 

— o.6m'/ 

12—10 

— 0, 008 — 0.  im' 

+0. 003   0.  om'/ 

II — II 

—0.  imV 

+0.  2m'/ 

12— II 

—0.  sm7 

0.  om'/ 

dy'  } 

sin. 

COS. 

i'  < 

o  o 

//  tf 

//  // 

—  0.070187  +  I3.4643M'/ 

I  0 

+  0.0570    —6657.  hm7 

+  0,0397  —8767.25;;'/ 

+  ifci           —  I2.6872m'V« 

—  5^         +     9-  7623m'»/« 

2  0 

—  1.6034    —  353. 70M'/ 

+  2.8239    —  487.  77M'/ 

+  [8. 4472]^;i—     0.  7io6m'«/« 

-[8.4473]fc2+  0.5469M"/' 

3  o 

—  0. 0362    —   20.  45m'/ 

+  2.2717     —  31.83M'/ 

+[7. 2466]fci—     0.  0447m'V8 

—[7. 2468]^+     0.  0345m'*/« 

4  0 

+  0.0692    —  i.3SmV 

+  0.0797    —     2. 30M'/ 

+[6. 07]^;i   —     o.  oo3om'«/« 

— [6. 07]  fcj   +     0.  oo23«'«/« 
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dy'  ) 

sin. 

COS. 

t  % 

// 

// 

//  // 

4—  I 

— 0.0017 

 J-_O^D027 

—  3—  I 

— 0.0215  — 

0.  02W'/ 

+  0.0474  —  0.02«V 

—  2 —  I 

—1.0238  ^ 

0.  I4W'/ 

4-  0. 2665  —   0. 66w7 

—  I—  I 

— 0.9422  — 

4. 94«'/ 

4-  0.8056  —   4.  86«V 

0 —  I 

_o.8i88  — 

140.  51W'/ 

4-  0.8569  —  55.88«'/ 

I-  I 

-O.S757  — 

20.  98W'/ 

—  0.4865  —  o.55w7 

2 —  1 

4-0.9016  — 

254.  i6w'/ 

4-  0. 4326  4-330.  83W'/ 

3-  I 

+2.9518  + 

6.  92«'/ 

4-  1.6489  +  54. 17W'/ 

4—  I 

+  1.3220  + 

2.  ignU 

—  0.0737  +  S.oiw'/ 

s-  I 

—0.0205  + 

0.  68«'/ 

+  0.0390  4-   0. 6i«'/ 

6—  I 

—0.0009  + 

0.  23W'/ 

—  0.0003  +   0. 03W'/ 

—  3—2 

— 0. 002 

+  0.001 

—  2—  2 

—0. 0396 

0.  oowV 

4-  0.0138       0.  oow'/ 

—  I —  2 

—0.  2504  + 

0. 05  w'/ 

—  0.4805  —  o.oin't 

0—  2 

— 0.4984  — 

4. 42w7 

—  0. 4322  —   0.  98^7 

I—  2 

—0.4541  — 

I5.99«7 

—  0.2651  +  34.67W'/ 

2—  2 

+0,2013  — 

i.i6«'/ 

—  0.2731  +  24.83WV 

3-  2 

+0,2620  + 

86.  66w'/ 

—  0.5827  4-179.  8i«V 

4—  2 

+3-1325  — 3892.97^'^ 

— 12.3561  —   9. 69«V 

5-  2 

+  1.35685- 

25. 805W'/ 

4-  3. 1 1867+  17.  ii3«V 

6-  2 

-f-o.  2229  — 

6.  io«7 

4-  0. 1602  —   9, 33w'/ 

7-  2 

+0.0276  — 

0. 33«'/ 

4-  0.0021  —   0. 4i«'/ 

8-  2 

+0.0026  — 

0.  o$nU 

—  0.0017  —  o,o6n't 

—  2—3 

— 0. 001 

—  0.002 

-1-3 

— 0. 024 

—  0.025 

0-  3 

+0.2158  — 

0.  2gnU 

—  0, 1863  —  o.oiwV 

I-  3 

+0. 1353  — 

2. 02«'/ 

—  0.3148  +  2.87«'/ 

2—  3 

+0.0845  — 

14. 33^^'^ 

—  0.  2861  +   0. 30«'/ 

3—  3 

+0.0875  — 

5. 64W'/ 

—  0.0060  +   8. 25«7 

4—  3 

+0.3122  — 

34.  2IW'/ 

—  0.0312  +109.  73w'/ 

5-  3 

—0.  5342  + 

18. 25«'/ 

—  0. 1081  +  88.29WV 

6-  3 

—0.741 1  + 

49.51W'/ 

+  0. 3556  +  58-  74«'^ 

7-  3 

+0.0912  — 

I3-S6w'/ 

+  1.4233  —  4.25W'/ 

8-  3 

+0. 0889  — 

i.o8w7 

+  0. 1319  +   0. 4IW'/ 

9—  3 

—0.0091  — 

0. 07W'/ 

4-  0.0547  o.oowV 

10-^  3 

—0.001 1 

+  0,0025 

—  1—4 

0.000 

—  0.002 

o—  4 

+0.013 

—  0. 025 

I —  4 

4-0. 122  — 

0.  iwV 

-|-  0.  005     -7"     0.  2H  t 

2—  4 

+0. 1914  — 

0.  63K'/ 

+  0.0370  —  0.  i5wV 

3-  4 

+0. 1722  — 

1.53^'/ 

—  0. 0074  —   8.  63«7 

4—  4 

+0.0268  — 

4. 45«'/ 

4-  0.0424  —    I.  57«7 

S—  4 

+0.0453  — 

51. 14W'/ 

+  0. 1417  —   4.  9iw7 

6 —  4 

+0. 1493  — 

34.  27«'/ 

4-  0.  3419  +  14,  io«7 

7—  4 

4-1.8380  — 

II.  29«'/ 

4-  I.  7084  +  13.  90«7 
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dy'  1 

Axg—i'g''\'ig 

sin. 

COS. 

t'  i 

// 

// 

// 

// 

8—  4 

+  1.4611 

—  i.96«V 

+0-5513  +  7.44«7 

9—  4 

—5.  7269 

—  9. 88«'/ 

+  1.6971 

— 24.  ii«7 

lo—  4 

—0. 05028—  0. 274«V 

+0.05993—  0. 179«7 

II —  4 

—0.0001 

+0. 0004 

I —  5 

+0. 020 

+0.005 

2—  5 

— 0. 031 

+0. 076 

3-  5 

-|-  0. 006 

—  0. 3«V 

+0. 1 1 1 

—  0.  6«7 

4—  5 

+0. 024 

+  5.o«V 

+0. 096 

—  i.8«7 

5-  5 

— o.oiio  -|-  0.  lowV 

+0. 0248 

—  2.  2I«7 

^  5 

— 0.0615 

—  2.90«'/ 

+0, 0628 

—25.  22«7 

7—  5 

—0. 0723 

—10. 99«V 

+0, 1459 

— 16.  ii«7 

8—  5 

-0.598S 

-  7.97«'^ 

+  1-0395 

—  4.  i5»'^ 

9—  5 

— 0. 0329 

—  3-42«'/ 

+0.7472  +  0. 13«7 

10 —  5 

+0. 1597 

—  i.o8«7 

+0.3103  +  0. 8o«7 

II —  5 

4-0. 2020 

—  o.4i«'/ 

+0. 1337 

+  0.  83«7 

12 —  5 

—0.0347 

—  0.02«V 

0. 0000 

—  0. 12«7 

2—  6 

+0. 001 

+0. 014 

3-6 

—0. 047 

— 0. 008 

4-6 

— 0. 065 

+  o.3«V 

+0. 016 

—  0.  2«7 

S-  6 

—0. 052 

+  i.s«'^ 

+0. 026 

+  2.6«7 

6—  6 

— 0. 017 

+  i.4«V 

+0.003 

0.  o«7 

7-  0 

--0.0403  -|-I2.  26«'/ 

— 0. 0277 

—  3-  99«'^ 

o —  O 

—0.0805  +  7.40«'/ 

— 0. 0001 

—  7.  83«7 

9—  0 

—0.5898  +  i.49«'/ 

—0. 1847 

—  5.04«7 

10 —  o 

— 0. 4024 

—  o.54«'/ 

+0, 0623 

—  i.88«7 

II —  O 

—0. 1359 

^  o.47«V 

+0. 1049 

—  0.46^7 

12 —  O 

— 0. 0231 

—  0. 2IW'/ 

+0.0571 

—  o,03«7 

3-  7 

— 0. 007 

+0, 002 

4—  7 

— 0.001 

—0.031 

5-  7 

— 0.017 

+  o.4«7 

-0.035 

+  o.4»7 

6—  7 

— 0. 022 

—  i.o«'/ 

— 0, 022 

+  1. 1«7 

7—  7 

— 0. 006 

+  o.4«'/ 

— 0. 007 

+  o.4«7 

o —  7 

-f  0. 01 1 

+  3.S«'^ 

— 0. 024 

+  5.8«7 

9—  7 

— 0.017 

+  5.6«V 

—0.039 

+  3- 

10 —  7 

+0. 024 

+  3'4«'^ 

—0.331 

+  o.3«7 

1 1 —  7 

— 0.091 

+  i.i«7 

— 0. 225 

—  0. 5«7 

12 —  7 

—0.074 

+  0.  2«7 

— 0. 067 

—  0. 3«7 

5-  8 

+0. 012 

— 0.005 

6—  8 

+0.015 

—  0.  i«7 

—0.013 

-1-  0.  2»7 

7-  8 

+0.005 

—  0.  9«7 

—0.013 

—  0. 5«7 

8—  8 

+0. 003 

—  0. 5«7 

— 0.001 

+  0. 4«7 

9—  8 

+0. 010 

—  3.o«7 

— 0. 003 

+  2.6«7 

lo—  8 

+0.015 

—  i.3»'^ 

— 0. 020 

+  3.5«'' 

II—  8 

+0, 176 

+  0.  i«7 

— 0. 028 

+  i.8«7 

12—  8 

+0, 116 

+  o.4«7 

— 0. 077 

+  0. 6«7 
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2 

Arg=i'^'+tflf 

sin. 

COS. 

i'  i 

+0.003 

  +0. 006 

+0, 007 — 0.  y%*t 

+0»  007+0.  xn't 

8—  9 

-f  0.  i«V 

—0.  Mt 

9—  9 

—0.  \nH 

—0.  6«'^ 

10—  9 

-fo.  004—1.  3«'/ 

+0. 005— i.owV 

II—  9 

-fo.  018—2. 3«7 

+0. 007—0. 4«V 

12—  9 

+0. 034—1.  \nft 

+0. 088+0. 4«V 

9 — 10 

+o.4«7 

—0.  \nft 

10 — 10 

+0.  zn't 

— 0.  \n*t 

II— 10 

+0. 3«V 

—t.on'i 

12—10 

+0. 008   0.  on't 

+0. 009—1.  o«7 

II— II 

+0. 3«'/ 

+0.  3«V 

12— II 

+0.  yt't 

0.  o«V 

In  obtaining  the  products  (^^p-^**'^-^  ^nd  v'*  the  secular  terms  of  the  second 
order  have  been  included  in  the  values  of  the  factors,  so  that,  as  far  as  these  terms 
are  concerned,  we  have 


+1 
+1 
+[■ 
+[■ 
+[■ 


+  6.6i9M'icos  p'— 1 0.605 w'^  sin  9* 
+  o.i84w'i  cos  2jf'—  0.297*1'^  sin  2^ 
+  o.ooSn'i  cos  3^'—  o,oi$n*t  sin 

//          //                            //  // 

—  0.1501 

15-2723  +  6.61 23*1'^]  sin  i)f'+[— 20.2638+  io.5926n7]  cos  g' 

0.8186  +  0.3703*1'^]  sin  2g*+  [—  3.4692  +  0.5934^'^]  cos  2g' 

-  0.0466  +  o.o233w'i]  sin  3^'  +  [—  0.3406  +  0.0374%'*]  cos  3^ 

-  0.0156  +  o.ooi5?t'i]  sin  4^'  + [—  0.0264+  0.0025%'*]  cos  4^' 
•  o.ooi8  +  o.oooin'*]  sin  5^;^'  +  [—  0.0012  +  o.ooo2n'*]  cos  5^' 


The  expressions  of  the  two  products  to  be  employed  in  determining  w'6V  follow: 


Arg=i'flf'+iflf 

\ 

COS. 

sin. 

i'  i 
0  0 

//  // 
—  I.  1380+2.  771 

—3.  7827»'V« 

//  // 

I  0 

—3-2193+0. 97»'/ 

—1. 3312— 0.  79«V 

— 0.  265o»'«/* 

0.  ooQOn'H^ 
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n'Sz 

f 

COS. 

sin. 

i'  i 

//  // 

//  // 

2  O 

+0,2824  +  7,76wV 

—  i.6748«'V2 

+0. 8468  —   0.  72wV 

—  3-3956w"'/» 

3  o 

+0.0407  +    I,  32wV 

—   0.  ii7o«'V2 

+  1. 1629  +   0. 36«7 

—  0. 2378w'V« 

4  0 

+0. 1174  +   0.  uw'/ 

—   0,  oo79w'V« 

+0.0663  +  o.o8wV 

—  o.oi6ow'2/« 

5  o 

— 0.0016  +  o.oiwV 

—  0,  ooo4w'V« 

+0.0031  o.oow7 

—  0,00I0«"/3 

—3—  I 

— 0. 0020 

— 0, 0180 

— 2 —  I 

— 0,3850  +   0. 3o«V 

— 0.0960  —   0, 44«V 

— I —  I 
O —  I 

—0.2592  +   8, 35«V 
— 0.2289  +I4S.09«7 

—0.  2343  —   6. 93wV 
—0. 2146  —  67, 55w'/ 

I—  I 

— 0.0347  —  80.  oi«7 

—0.0075  — 133-76«'^ 

2 —  I 

+0.0837  +121.31WV 

+0.9138  +  93.09W'/ 

3-  I 

+0.5664  +  85.64WV 

+0.4607  — 137.93WV 

4—  I 

+3-3627  +  i6.98»V 

+0-  757S  —  12.05WV 

5-  I 

+0.0862  +    I,  I3«V 

+0.0728  —  o.88w'/ 

6—  I 

+0,0014  +  o.o6«V 

+0. 0070  —  0. 03«V 

—2 —  2 

—0.01 18 

— 0.0052 

—  I —  2 

— 0,0698  —  o.04»V 

+0. 1449  —  0. 26 

O—  2 

— 0, 1122  +  3,99^7 

+0.0852  —   5. 09W'/ 

I —  2 

—0, 1 146  —  10.07WV 

+0.0575  —  64.56^7 

2 —  2 

—0.0302  —  3.35W7 

+0. 0401  —  20.  72W'^ 

3-  2 

—0.0387  — 290.00^'/ 

+0.5806  +212.  6lwV 

4-  2 

+0.1589  — 754-93«'^ 

+0.  1844  +112,  92WV 

5-  2 

+0. 04490—348. 440»V 

— 0, 00059—162.  io8«'/ 

6-  2 

+0. 1656  — 468.79W7 

— 0. 0409  — 658.  5ow7 

7-  2 

+0.0223  —  26,84«V 

+0.0039  —  36, 4iw7 

S-  2 

+0.0019  —   I'  7iw'^ 

+0.0012  —  2.29W'/ 

—I—  3 

— 0. 007 

+0, 006 

o—  3 

+0,0548  +  0. 25«V 

+0.0438  —  0,  i5wV 

I—  3 

+0.0265  —  o.68w7 

+0.0587  —  o.giwV 

2—  3 

+0.0152  —  2o,8iw7 

+0.0565  —  i.43«V 

o  o 

— 0,  0194  —     9.  22wV 

+0.0810  —   6, 97wV 

4—  3 

+0.2010  —  10.09«V 

+0,0822  —  23.96«'/ 

5-  3 

+1,0324  +    1,  i6wV 

+0. 1191  —  i5-57«'^ 

6-3 

+2.7298  +  2.02wV 

+1-0753  —  2.67WV 

7-  3 

+0-  3574  +   3-  37wV 

—0.7091  —  i.62w7 

+0,0653  —  i.82wV 

— 0. 0450  —  0. 23w7 

9—  3 

+0, 0070  —   0.  i6wV 

—0.0078  —  0.07w7 

o-  4 

+0, 002 

+0.005 

I-  4 

+0. 026 

—0. 020 

2-  4 

+0.0312  —   0. 65W'/ 

—0.0062  —  o.o5w7 

3-  4 

+0,0260  —  2,42WV 

— 0.0007  +  7-92w7 
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n'dz' 

COS. 

sin. 

i'  i 

//  // 

4—  4 

-j-o.  0254  —3.  tfin't 

+0.0180  +2,82«'/ 

S—  4 

+0. 0773  — 9.  87«V 

— 0T0414  -|-i.7o«V 

6—  4 

-j-o.  2600  — 5,47»V 

— 0.  2947  — 1.63«'/ 

7 —  4 

+0-9499  — i-S^w'^ 

—0-9325  — i.Si»'^ 

8—  4 

—0.4847  +0. 13«'/ 

4-0.0015  +o.4S»'/ 

9 —  4 

—3. 7810  —0.  i8»'/ 

—1,0946  +0.  79«'^ 

10 —  4 

— 0.01472—0.  79S«V 

—0.01383+0.  744«'^ 

II —  4 

— 0.0054  —  i.o6»V 

-fo.0056  +0.28«'^ 

2-  S 

— 0. 006 

—0.014 

3-  S 

— 0. 001  — 0.  2«7 

—0.013  +o.3«'^ 

4-  S 

— 0.001    -I-3.  i«'/ 

—0.005   +1. 7«V 

5-  S 

+0.0008  +0. 76«V 

—0.0038  +i.88w'/ 

6—  5 

— 0.  OII7  — 0.  12«V 

—0.0200  -|-4.48«'^ 

7—  S 

—0.0891  — 1.30«7 

—0-0735  +2.39»V 

8-  5 

— o-  234S  —0. 90«V 

—0.3985  +o.59«'^ 

9 —  S 

— 0.0131  — 0. 35«V 

—0.  2439  +0.  o3«'/ 

10 —  5 

+0. 0486  — 0.  XOn't 

— 0. 0976  — 0.  o6«'/ 

II—  s 

+0.0368  — O.Olw'^ 

—0.0265  — 0.  oi«7 

12—  5 

—0. 0084     0.  oo«'/ 

— 0.0006  — o.ozn't 

3-  6 

— 0. 007 

+0. 002 

4-  6 

-1-0.  \n't 

-f- 0.  2n't 

S-  6 

-f  1.  \nH 

—I.  i«V 

0—  0 

+1.  m't 

—0.  2»V 

7—  6 

—0.0098  -\-z,Q^n't 

+0.0057  +0.  5i«'/ 

S—  6 

—0-0387  -fi.oewV 

+0.0183  +o.93»'^ 

9—  6 

— 0. 1750  +0.  2I»7 

+0.0589  +o.54«V 

10 —  6 

—0. 1034  —0. 03«V 

— 0.0154  +0. 17«V 

II—  6 

—0.0309  — 0.02WV 

— 0.0233  +o.04«'/ 

12—  6 

— 0.0046  — 0. 02«7 

—0.0107  +o.oi«V 

S-  7 

+0.  iwV 

— 0.  i«V 

o —  7 

— 0. 4«'/ 

—0. 6wV 

7 —  7 

0.  on't 

—0. 5«'^ 

8-  7 

+0. 001    +0.  s«7 

+0. 005   —0. 9«'^ 

9 —  7 

+0. 001    -|-o.  Mt 

+0.014  — 0. 4«'/ 

10 —  7 

+0. 008   +0. 3«7 

+0.082   —0.  i«'/ 

II —  7 

— 0.017    -j-o.  i»V 

+0. 048      0.  on't 

12 —  7 

— 0.014 

+0.012 

6-  8 

0.  on't 

.  —0.  i«7 

7-  8 

—0. 3«'/ 

+0.  i»7 

8—  8 

—0. 3»V 

—0. 2W7 

9-  8 

— 0. 5«7 

—0. 4«'/ 

lo—  8 

-{-0.006  —0.  i«'/ 

-fO.  002    —0.  4«'/ 

11—  8 

-|-o.  037      0.  on't 

+0.004  — 0.  i«V 

12—  8 

+0. 020      0.  on't 

-t-o-oi3  — 0.  i«'/ 
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\  dy'  / 

cos,  •* 

sin 

i'  i 
8-9 

//  // 

O.  OwV 

//  // 
+0.  \n't 

9 —  9 

0.  owV 

+0.  2wV 

lo—  9 

— o.  3w'/ 

+0. 

II—  9 

— 0.  2WV 

0.  owV 

12—  9 

-|-o.oo6 — 0.  iwV 

— 0.014  o.owV 

10 — lO 

0.  ow'/ 

+0.  \n't 

12 — lO 

0.  omV 

+0.  \n't 

Arg=i'i7'+tff 

r 

COS. 

sin. 

»'  t 

O  0 

//  // 

-f-o.  4048   0. 6096WV 

-j-  0. 9461^'*/* 

I  o 

 0.  oq8i  4-27. 

—0.  16'?'?  — 44.  2^«V 

4-  0  o826«'*/2 

—  0. 0476w'V* 

2  0 

 0  0268  -1-   5  22«'/ 

— 0.0284        0.  85»V 

—  0.4I20m'3/» 

—  0. 8502«'V2 

3  o 

—0.0047  +  0. 32wV 

+0.0076  +  0.05W'/ 

—  0.  0232W'2/2 

—  o.0477«'V2 

4  0 

0.0000  +  0.02W'/ 

0.0000  +  o.oiw'/ 

—  o.ooi3w'V» 

—  0.  oo27w'V» 

-fo.  0079  +  2.09WV 

+0.0075  —  i.36«'/ 

O—  I 

+0.0139  +50.  i4»V 

+0.0060  — 20. 91WV 

J—  I 

-fo.  0523  — 17. 66wV 

— 0. 1469  — 32.  69WV 

2—  I 

—0. 1 163  — 4i.53«'^ 

— 0. 2007  — 33.  2iw7 

3—  " 

— 0. 2684  — 21.  39wV 

+0.  iioi  +27. 92wV 

4—  I 

+0.0377  +  2. 67^7 

+0.0124  —  0. 6i»'/ 

s-  I 

+  0.  i5w'/ 

—  0.05WV 

0 —  2 

+0.0028  +  0. 59«V 

—0.0019  —  0.75WV 

I —  2 

+0.0016  —  1.44WV 

— 0.0056  —  9.31WV 

2 —  2 

— 0.0994  —  2. 30«V 

— 0.0401  —  4. 89WV 

3-  2 

— 0. 0274  — 82. 497/V 

+0.0868  +65.78»V 

4—  2 

+0.0724  +  9.85;/'/ 

+0.  2583  +  3. 87«V 

5—  2 

+0. 00550+87.  527«V 

—0. 04049+40. 333wV 

6-  2 

— 0.0004  —  5.4i«V 

+0.0012  — J2.35WV 

7—  2 

—  0.  26w'/ 

—  0. 2iwV 

8-  2 

—  o.oiwV 

—  o.02wV 

1—  3 

0.  oowV 

—  o.oywV 

2-  3 

—  2.  iiwV 

—  o.i5«V 

3-  3 

—0.0186  —  1.35W'/ 

+0.0271  —  0. 67W'/ 

4—  3 

+0. 0037  +  0.  34wV 

+0.0189  +  I- 
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5-  3 

6-  3 

7-  3 

8-  3 

2—  4 

3—  4 

4—  4 

5—  4 

6—  4 

7—  4 

8—  4 

9—  4 

10 —  4 

11—  4 

4-  S 

5-  S 

6-  5 

7-  5 

8-  s 

9-  5 

10-  5 

11-  s 

12-  5 

7-  6 

8-  6 

9-  6 

10—  6 


-f-o.  2831  — o.  iiwV 
— 0.0492  — o,  72»V 
— o.  0241  — o.  y6n't 
+0.0027  +o.37«'^ 

— o.  o5«V 

— O.  20»V 

-fo.0069  — o.  3i»V 
-f-o.  0079  +o.42»V 
-f-o.  0162  +0. 37«V 
-f-o.  on  I  -fo.  I3»V 
— o.  2421  +0.  ii«V 
+0.0750  +o.oi»V 
— o.  00350+0. 198«7 
— o.  04w7 

+0. 2»'/ 
+0.  ii«V 
+0. 03»'/ 
— o.  0095  +0.  o7kV 
— o.  0041  +0.  o6«'/ 
— 0.0005  +o.03«7 
+0.0023  +0.  oiwV 
—0.0017 
+0.0004 

— o.  05«7 
— o.  04»V 
— o.oiwV 
+0.  oiw'/ 


+0.0229  +0. 7i»V 

_;3O^2I02  +I.04»7 

+0.0424  +0. 39«'/ 
— 0.0001  +o.o7»7 

+o.oi»V 
+0.  63»V 
+0.0075  +o-3S»'^ 
+0.0018  — 0.02»V 
—0.0443  +0'  13^'^ 
— o.  0200  +0.  i4wV 
+0.0622  +o.36«7 
+0.0280  +o.oi»V 
— o.  00620—0.  i89«7 

+0.0I«7 

+0.  i«7 
+0. 15»7 
— o.  I0»7 
— 0.0053  — O.  I2«7 
— 0.0068  — o.03«7 
— 0.0043  — o.oik7 
—0.0036  +o.oi«7 
+0.0010 
0.0000 

— O.  02«7 

— o.  04«7 
— o.  04«7 
— o.oi«7 


There  follow  the  expressions  of  —^(^ff)  and  its  product  by  n'Sjs",  which  forma 


the  second  part  of  ^^f?^^ 


Axg=i'g'-\-ig 


% 

o 

o 
o 
o 

o 


2\  dy'*  ) 


260.  121 

+  36.  323—3- 3o6i«7 
+  2. 009 — o.  3703^7 
+  o.  073—0. 035o«7 
—   o.  001— o.oo3i«7 


+  "•655+5-  2963«7 
+  I.  i2i+o.5934«7 
+  o.  067+0.  os6ik7 
o.  000+0.  oo5o«7 
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COS. 

Bin. 

If  s 

// 

// 

—3—  I 

o,  004 

+ 

0. 004 

— 2 —  I 

+  0. 039 

+ 

0.037 

— I—  I 

-f-   0. 326 

+ 

0,  237 

0 —  I 

+    ^ • 962 

+ 

2.  972 

I —  I 

_|_i2i,  yiS 

-535. 167 

2—  I 

-r  7*-oi5 

78. 902 

3—  ^ 

1      e  'rort 
-f-  5*720 

7.090 

4—  J 

t      n  >i 

-r  43'* 

0.  274 

S—  1 

-|-   0. 020 

0. 003 

O  I 

— —   0*  001 

+ 

0. 005 

— 2 —  2 

+  0.007 

0. 002 

— I —  2 

-f-     0. 074 

0.012 

O—  2 

+ 

0. 008 

1—  2 

-J-  13.  UZ5 

24. 844 

2—  2 

-r  93*4'>o 

+  36.557 

3—  2 

+  30-517 

+  "-437 

4 —  2 

—  37- 053 

—305. 118 

5 —  2 

"T  0.47137 

1.30389 

fi   9 

o—  z 

+   o-  743 

+ 

0. 107 

7 —  2 

+   0. 086 

+ 

0. 025 

o —  3 

+  0.008 

0. 003 

o-  3 

-f~   0. 019 

0. 021 

I—  3 

1.587 

2-  3 

+     2. 949 

1.210 

3-  3 

+  23.441 

31.125 

4—  3 

-j~  10.  000 

8.533 

S—  3 

-p    0.  uoo 

+ 

0.  782 

o—  3 

3-57* 

+ 

2.373 

7—  3 

—  0. 230 

0.460 

»—  3 

0. 006 

0.015 

I—  4 

+  0.019 

0. 088 

2—  4 

0. 077 

3—  4 

+  0.526 

1-531 

4—  4 

—  II. 114 

13.018 

5-  4 

—  2.259 

9-639 

6-4 

+  0.979 

3-469 

7 —  4 

+  0. 806 

0. 799 

8-  4 

-f-  0. 292 

0. 127 

9—  4 

—  0. 802 

0. 212 

lo —  4 

—  0. 00477 

0.00404 

11—  4 

-f  0.0045 

0. 0052 

3—  5 

+  0.005 

0. 050 

4-  5 

—    0.  669 

0.571 
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I  /cPWo'\ 

2  V 

COS. 

sin. 

i'  i 

// 

'/ 

c—  e 
5 —  5 

—7.044 

 +3.673 

6-  5 

—5-190 

+0, 120 

7—  5 

—1.788 

—0.  909 

8—  S 

— 0. 342 

—0.510 

9—  5 

— 0.012 

— 0.  172 

10 —  5 

-4-0. 02^ 

—0.  04^ 

II—  5 

-\-0,  021 

— 0. 014 

4-  6 

— 0. 025 

—0.037 

1;—  6 

-0.596 

+0.212 

6—  6 

+0.934 

+3.  668 

7-  6 

-0. 532 

+2. 747 

8—  6 

— 0. 731 

+0. 921 

9 —  6 

-0. 348 

+0. 14S 

10 —  6 

— 0.  lOI 

— 0. 01 1 

II—  6 

— 0.  010 

— 0, 01*; 

S-  7 

—0.039 

+0.004 

5   m 

+0.009 

+0.  390 

7-  7 

+1.824 

— 0. 023 

8-  7 

+1.396 

+0. 600 

9—  7 

+0.440 

+0. 540 

10—  7 

-4-0.  044 

4-0.  2  "^4 

II —  7 

— 0. 022 

+0. 065 

12—  7 

— 0.  on 

-\-o.  01 1 

6   8 

— 0.009 

+0. 024 

7-  8 

+0.  222 

+0.  068 

8—  8 

+0.  206 

— 0.  863 

9—  8 

+0.  4.86 

—0.  670 

lo—  8 

-l-O.  '^'70 
-j-v.  ^/v 

—0.  190 

II—  8 

+0.  1 51 

-4-0. 004 

12-  8 

-4-0. 0^8 

+0.  021 

7-  9 

+0. 016 

+0.  01 1 

8—  9 

+0.  072 

—0.  121 

9-  9 

—0.383 

— 0.  200 

10 —  9 

— 0.  297 

--o-  338 

II-  9 

— 0. 064 

— 0.  237 

1 2   9 

+0. 020 

— 0.  093 

8—10 

+0.  01 1 

— 0.  009 

9—10 

-o.oss 

— 0.  060 

10—10 

—0.143 

+0. 156 

II— 10 

—0. 215 

+0.II5 

12 — 10 

—0. 141 

+0.008 
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sin. 

COS. 

i' 

0 

i 
o 

// 

#/ 

// 

+0. 088806— 

II.  2i39«'/ 

I 

0 

-1.8383  - 

83.4S«V 
0.  i856»'V» 

+  1.5115 

— 

[34.52«V 
0.  oooo«'»/» 

2 

0 

+0.0686  — 

10.  oowV 

— o,  2856 

0. 8493»'V> 

+ 

i.6978«'si/» 

3 

o 

—0.0537  — 

0*  67«V 

— 0. 6626 

0. 49«'/ 

0. io64«'V« 

+ 

0.  2I40«'V* 

4 

o 

—0. 1796  — 

0. 03»'/ 

—0.0179 

o.oi«V 

0.  oio5«'V* 

+ 

0.  02I2»'V» 

S 

0 

— 0.0020  — 

0. 00I0»'V» 

—0. 0046 

+ 

o.ooi8«'»/> 

—3— 

J 

+0. 014 

— 0.014 

— 2 — 

I 

-f  0.2422  — 

0.  iZn't 

— 0. 0646 

0. 09«V 

—  1  — 

I 

+0. 1606  + 

o.6i»V 

— 0. 1008 

i.68«V 

O — 

I 

-f  0. 1 144  +i6i.88«V 

— 0.0928 

+  47.  69«V 

I  — 

I 

— 0. 0410  -f  67.  76»V 

— 0. 0061 

60.  56»'/ 

2— 

I 

— 0.7129  +120. 84^7 

+0. 1874 

— 

[21.78//'/ 

3- 

I 

—I- 5367  +  42.9i«'' 

—0. 4746 

+  23.o5«7 

4— 

I 

-3.4478  + 

9.5i«7 

+0. 6212 

+ 

5.  i4»V 

5— 

I 

+0.123  + 

0. 88»V 

— 0.  205 

+ 

0. 66«V 

6— 

I 

+0.006 

— 0. 025 

 2  

2 

-f  0. 010 

+0.001 

2 

+0.0486  + 

0. 13«V 

+0. 0976 

0.  20«V 

0 — 

2 

+0.0766  + 

9. 13«V 

+0. 0532 

0. 38»V 

I  — 

3 

+0.0446  + 

7.  ZZn't 

+0. 0377 

34'  73»''  * 

2 — 

2 

—0.0184  +  18.  82»V 

+0. 0167 

12.  26«V 

3- 

2 

—0.0992  +173. 13»'' 

—0. 5991 

+  ii2.58«V 

4— 

2 

—0.0240  +389.46»V 

—I.  I67I 

+  56.68«V 

s— 

2 

— 1.32222 — 

5.303»V 

—3-  "372 

+ 

2.  58o»'/ 

6— 

2 

— 0. 1662  — 236. 6o«V 

1938 

+329'  73«'^ 

7— 

2 

— 0. 0116  — 

26. 79»V 

— 0.0090 

+ 

36. 65«'/ 

8- 

2 

2. 5i«V 

+ 

3-  49»V 

+0. 002 

+0. 006 

0 — 

3 

—0.0391  + 

0. 49»'/ 

+0. 0321 

+ 

0.  I2«V 

I— 

3 

— 0.0180  + 

0.  76«V 

+0. 0419 

o.57«7 

2— 

3 

— 0.0064  + 

13.  o8»V 

+0. 0329 

i.47»'^ 

3— 

3 

— 0.0412  + 

5.  59/iV 

— 0. 0514 

4.  7ln't 

4— 

3 

—0. 1540  + 

5. 12«7 

+0. 0082 

12.  6gn'£ 

s- 

3 

+0.8008  — 

0.  7o»V 

—0. 0780 

6— 

3 

+3-0147  — 

0.  *]on't 

-2.4513 

0.  78/1'/ 

7- 

3 

+0.2875  - 

0.  54«V 

—0.  6490 

0.  25»V 

8— 

3 

+0.0269  — 

0.  57»V 

— 0. 0556 

+ 

0.  o8»V 

9— 

3 

— 0.0020  — 

0. 09«7 

—0. 0072 

+ 

0. 01  «V 

I— 

4 

— 0. 020 

— 0.014 

2— 

4 

—0.0234  + 

0. 48»V 

— 0. 0046 

+ 

0.  ii«V 
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fiiDt 

COS. 

i'  i 

//  // 

//  // 

3-  4 

—0.0187  +i.64«'^ 

^—0.0003  +5.22»'/ 

4—  4 

—0.0081  +2.57»'/ 

— 0.0023  +i.86»7 

5-  4 

+0.0154  -|-5.89«V 

— 0.0541  +i.oo»7 

o —  4 

-I-0.0422  +2. 98«V 

—0. 3339  — 97»'' 

7—  4 

—0.4838  +o.75«'/ 

—0.  5260  —0.  78w'/ 

8—  4 

+0.3339  — o.o9»'/ 

—0.0270  +0.  i8»7 

9—  4 

+1.8881  -1-0.  II»V 

—0.5424  +o.45«7 

10 —  4 

-j-o.  01006 — 0. 026n't 

— 0.  00958 — 0.  022W7 

II—  4 

— 0.0025  — 0. 52»V 

— 0.0041  — 0.  I2»'/ 

2-  5 

+0.005 

— O.OII 

3-  5 

— 0.001 

—0.  010 

4-  5 

—2, 07»'/ 

+  1.  22n7 

S-  5 

—0. 56»7 

+  i.36nV 

6-  5 

+0.0223  +0. 13«'/ 

—0.0245  +3.oi«7 

7—  5 

+0. 0604  +0. 8o«V 

--O-0633  +»-3S«'' 

5 

+0. 1419  +0. 52wV 

—0.2495  +o.3i«V 

9—  5 

+0.0038  +0.  i8»'/ 

—0. 1457  — o.oiwV 

lo—  5 

— 0. 0280 

-0.0515 

5 

—0. 0142 

— 0.  OIOI 

12—  5 

+0. 0043 

+0. 0003 

5-6 

— 0. 79«7 

—0. 83»7 

6—  6 

—0. 8o»V 

— 0. 30«7  ^ 

7—  5 

+0.0071  — 1.45»'/ 

+0.0040  +o.39»7 

8 —  6 

+0.0313  — 0.  62n'/ 

+0.0134  +o.58«7 

9 —  o 

+0. 1 188  —0. 12«'/ 

+0.0381  +o.34«7 

lO—  0 

+0.0678 

— 0. 01 16 

1 1 —  O 

+0.0179 

—0. 0144 

12 —  0 

+0. 0027 

— 0. 0067 

6—  7 

+o.3«'/ 

—0. 5«7 

7—  7 

0.  on't 

—0. 5«7 

o —  7 

—0.  zn't 

—0. 5»7 

Q —  7 

—0. 001   — 0. 4w'/ 

+0.012   —0. 3«7 

10 —  7 

—0.005 

+0. 058 

II —  7 

+0. 012 

+0. 030 

12—  7 

+0.009 

+0.008 

lo—  8 

—0.006 

— 0.002 

II—  8 

— 0. 024 

+0.004 

12—  8 

—0.015 

+0. 010 

12 —  9 

—0.005 

—0. 01 1 

If  we  add  the  three  portions  of  which  have  just  been  given,  we  shall 

have  the  value  of  this  quantity.  In  6^Yo  we  give  such  a  value  that  n'SV  may 
have  no  terra  proportional  to    and  ki  and  ^  are  so  assumed  that  the  terms  having  the 
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argument  g'  may  vanish.  For  this  it  is  necessary  to  put  ^o  =  + 1"-53 16,  ^i  =+o/'5432, 
and  Ih  =  +o".3989. 

In  integrating  the  terms  depending  on  the  arguments  55^—  2g  and  \og*  —^g  we 
have  equated  the  motion  of  the  latter,  and  have  proceeded  in  a  way  precisely  similar 
to  that  followed  in  deriving  5Wo'  from  (JT'.  By  joining  the  first  order  with  the  second 
order  terms,  it  is  found  that,  as  far  as  these  two  arguments  are  concerned,  we  have 

^       ^  =    [    35-34410  -  o.i473824n'^]  cos  (  sjr'  -  25r)  +  [    8S-099S5  "  0.086417771'*]  sin  (  5^'  -  tg) 
+[—  0.96463  —  o.ooo682in'*]  cos  (10/7'  —  ^g)  +  [—  1.03409  +  0.00053 2 571' sin  (lo^/'  —  4^) 

Setting  aside  quantities  of  the  third  order  this  expression  can  be  replaced  by  the 
following : 

n'dt   ~    [(1-9^44830)  — (8.366946 1 cos  [  5^'— 2/7  +  247  26  44.14  — (7.2640621)71'*] 
+  [(0.1504991)  +  (5.88018   )n'*]  cos  [10^'  —  4/7  +  133   o  34,7  +  (6.78501  )n't] 

The  integrating  factors  for  the  equated  arguments  are  given  by 
log  }i  =  1.5015038  log  /^  =  1.1719199 

After  neglecting  certain  quantities  of  the  third  order  the  integrated  expression 
can  be  put  under  the  form 

n'6z^—    [—1143.2024  —  4.66029371'*]  sin(  5^'—  2^)  + [— 2691.4278  +  2.78200871'*]  cos(  5^'—  29) 
+  [—    14,3434  —  0.01012871.'*]  sin(io^'  — 4^)  +  [       15.33^7  —  0.00792071'*]  cos  (10^'  — 4^) 

By  subtracting  the  corresponding  terms  of  n'^/,  found  in  Chapter  II,  we  get 

n'(JV  =    [—  114.0044  —  4.66o293?t'*]  sin  (  5^'  —  zg)  +  [—  273.6868  +  2. 78200871' ^]  cos  (  5/7'  —  2g) 
+  [—  16.8155  —  0.01012871'*]  sin  (10^'  —  4^7)  +  [      17.8091  —  0.00792071'*]  cos  (10^'  —  4^) 

d  v' 

If  we  add  the  two  portions  of  ^^^^  we  have  the  value  of  this  quantity.  In 

integrating  we  get  the  constant  term  of  dv'  by  the  aid  of  the  formula  given- at  page 

289.    The  constant  term  of  ^(^Tf^  +  +o''.2374.    Thus,  the  constant  term  of 

6v'  is  found  to  be  +0^.2781. 

In  integrating  the  term  depending  on  the  argument  5g'—2g  the  motion  of  the 
latter  has  been  equated.    The  first-order  terms  being  included,  we  have 

^  =  [-  o".76834  —  o".oo3iio87t'*  sin  (5^'  -  2g)  +  [-  i".5i690  +  o".ooi96  937i'*]  oos  {sg"  —  2g) 
=  [(0.2305490)  -{6.S45S^)n't]  sin  [S9'-2g  +  243'  8'  i2".j8  -  (7.333S2)w'<l 
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The  logarithm  of  the  integrating  factor  is  1.5059 163,  and  we  obtain 

=  [24".9523  +  o'\oggz6gn't]  cos  (s9'  -  ^g)  +  [-  48".4634  +  o'\o6zS26n't]  sin  {sff'  —  ^g) 

By  subtracting  the  corresponding  terms  of  v',  in  Chapter  II,  we  get 
6v'  =  [o".8754  +  o".o99369»'^]  cos  (55^'  —  2g)  +  [—  2'\83ii  ^6:" 06^82671^ t]  sin  {^g^  —  2g) 

The  values  of  «'5V  and  Sv'  follow : 


Bin, 

COS. 

{ 

It  n 

//  /.' 

0 

0 

—  .oooi3045«'2/« 

—  .ooooi767«'3/* 

I 

0 

— i,355224ftV 

— i.78735o«'/ 

—  .  oo255569«'2^« 

-f  .ooi95723«'2/» 

2 

0 

0'  9731 —  .Ol8422«V 

+ 

1. 5631 —  .024799«'/ 

—  .oooi3987«'«^2 

-f-  .  00023  9^3^*'*^^ 

1 

0 

0.0087 —  .ooo46i«V 

+ 

0, 542S —  .  000690^'/ 

—  .  ooooo567«'2/s 

-\-  .  O000IO2iS«'*f* 

A 

0 

+ 

0,0277—  .ooooi6«'/ 



0.  0020 —  .  000028//'/ 

—  .  00000027«'«/« 

-|-  .  00000049^*'*^' 

c 

0 

0.0003 

0. 0006 

—4— 

' 

+ 

0. 0052 

+ 

0. 0016 

3 

+ 

0. 0007 

+ 

0. 0036 

—2— 

0,1640 —  .ooooo8«V 

+ 

0.0410 —  ,  00001 !«'/ 

0.2170 —  .ooo338«V 

+ 

0. 1965 —  .00026l«'/ 

0— 

0-3357—  .oo586i«'/ 

+ 

0.3621 —  .002973/;'/ 

I— 

0.5882+  .007757KV 

0. 3238—  .011436/*'/ 

2 — 

+ 

2.  2522 —  .  io66ii«'/ 

+ 

3.8506-f  .  I6469IK'/ 

3— 

+   10.1442-}-  .O22503«'/ 

+ 

7.8013-f  .033438/i'/ 

4— 

+ 

0.  2837-f  .OOI252W'/ 

+ 

0.0504-f  .001087/*'/ 

5- 

0.0252-f  .oooo49«'/ 

+ 

0.0II2+  .000044/;'/ 

6— 

0.0002—  .ooooo6»V 

0.0000—  .000003/;'/ 

2 

0. 0027 

+ 

0,  0026 

2 

O.O29O-I-  .O00002KV 

0.  0585—  .  000003/;'/ 

0— 

2 

0.0780 —  .  000046/*'/ 

0. 0552 —  .  oooo33«'/ 

I— 

2 

0.0933-t-  .ooo568«V 

0.0501 —  .001648/z'/ 

2— 

2 

+ 

0-0555+  .ooo4i7« 

0.0720 —  .OOOI20«'/ 

3— 

2 

+ 

0. 1701-f  .029724«V 

0.3633+  -  027242//'/ 

4— 

2 

+ 

6.6113—  .747047«'^ 

27.  I947-I-  .009349//'/ 

5- 

2 

— 1 14. 0044—4. 66o293«V 

—273. 6868+2. 782oo8«'/ 

6— 

2 

0.0567 —  .046962?/'/ 

0. 1037-f  ,062944^'/ 

7- 

2 

+ 

0.0013 —  .ooi35o«'/ 

O.OOI2-f  .001771/j'/ 

8— 

2 

+ 

0.0003—  .oooo58«'/ 

o.oooi-f  .000074//'/ 
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sin. 

COS. 

% 

s 
% 

//  // 

//  // 

3 

—  0. 0024 

—  0.  OOII 

O— 

3 

-f-  0. 0216— ,  ooooo4«V 

—  0. 0181 — ,  000003M'/ 

1  — 

3 

-|-  0.  oi47~h*  oooo28w'/ 

—  0. 0368 — .  oooo47«V 

2— 

3 

-|-  0, 0089-j-,  oooi04«V 

—  0. 0372  .  000032WV 

3- 

3 

+  0.0488+.000118WV 

+  0.0502 — ,000024«'/ 

4— 

3 

4-  0.0228 — .  000898WV 

4-  0.  OOI74-.  OO204QwV 

5- 

3 

—  0. 2566-|-.ooog28«V 

—  0. 06II+.  0037I8V/ 

6- 

3 

+  0.  i728+.oo^^67«V 

—  1. 0977-f-.  oo6i2i«V 

7- 

3 

+  2.7313 — .  OI203I«'/ 

-f-  7.  2025 — .  oo4269«V 

8- 

3 

+  0. 6006 — .  000794//'/ 

+  0.  18754-.  0002I^«V 

9— 

3 

—  0,0206 — .  ooooi4«V 

4-  0. 05q4+.ooooiiw'/ 

10 — 

3 

-j-  0.0008 

+  0.0013 

0— 

+  0.0002 

—  0.001 1 

I— 

-|-  0.  oo97~l~»  oooooi«'/ 

-j-  0. 0074    •  oooooo?/'/ 

2— 

-|-  0.  oi75~r»  oooooow  « 

-|-  0.  oo45-f~»  ooooo2«'/ 

3- 

-|-  0. 0187-f-.  00002I«V 

-{~  0. 001 1  . 0O00II«'/ 

4— 

—  0.0068+.  00001  i«V 

+  0.  OIl64-.000022«V 

5- 

+  0. 0034— .  ooo888«V 

+  0. 0252— .  oooo85«V 

6— 

—  0. 0326— .  000774^7 

—  0. 0422+.  ooo356«'/ 

7- 

+  0.4595— .ooo342«'/ 

+  o.4047+.ooo489«'/ 

8— 

+  1.4923— .0001  i8wV 

+  0. 3826+.  000557/;'/ 

9- 

—  8. 9304— .oo2i87«V 

+  2.6357— .005379«'/ 

lO — 

— 16.  8155— .OIOI28wV 

+  17. 8091—,  oo792o«'/ 

II — 

—  0.0089 — .0001 1  iwV 

+  0.0116— .  000026W'/ 

I — 

-[-  0. 0009 

0. 0000 

2— 

—  0. 0024   .  oooooo»'/ 

-f-  0.0054 — .  oooooiw'/ 

3- 

-\-  0.  ooo9'-r~-  ooooo2«  t 

-{-  0.  0090 — .  000002«V 

4— 

-f-  0. 0027-f-.  000020W'/ 

-{-  0.  0088—.  000002«V 

5- 

—  0.0018— .ooooo3«'/ 

+  0. 002I+.000004WV 

6— 

—  0. 0032—.  oooo35«'/ 

-4-  0  anil   onn'j'5'5«'/ 

7— 

-J-  0.  wjy — .  ocxjioow  f 

-f"  0.0095 — .000236//'/ 

8— 

—  0. 0947— .000154^'/ 

+  0. 1640— .000064W'/ 

Q  

+  0. 0008— .  oooo87«V 

-f  0.  l632-f-.OOOOII//'/ 

10  "■ 

+  0.0643— .oooo45«V 

-f  0.  io86-f-.  000039//'/ 

II— 

+  0.  2071— .000042«V 

+  0. 1 283+.  000086//'/ 

12— 

—  0.3212— .ooooi9«V 

—  0.0118— .oooii8«'/ 

2— 

6 

+  0.0003 

-f  0.0010 

5 

—  0. 0023+.000002WV 

—  0.0005  +  .000001W'/ 

4— 

6 

—  0.  oo38+.ooooo2«V 

4-  0. 0008 — .  000003//'/ 

5- 

6 

—  0. 0028+.OOOOOI«V 

+  0. 0015+.  000016//'/ 

6— 

6 

—  0.0016— .  OOOOIO«V 

+  0. 0020— .  000007  «'/ 

7- 

6 

—  0. 0027+.OOOI37WV 

+  0. 0005— .  000035//'/ 

8— 

6 

—  0. 0043+.  oooo76«V 

4-  0. 0025— .  000089//'/ 

9— 

6 

—  0. 0711+.  ooooi3«'/ 

—  0.0226— .  000072//'/ 

10— 

6 

—  0.0590— .00001  iw'/ 

4-  0.0129 — .000031//'/ 

II— 

6 

—  0.0233 — .  00001 2«V 

4.  0. 0221— .  ooooiow'/ 

12— 

6 

—  0. 0043 — .  000005W'/ 

4-  0.0180  ,000000//'/ 
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3- 

4— 

5- 

6— 

7— 

8- 

9- 

10— 

II — 

12— 

5- 

8 

6-  8 

7- 

8 

8- 

8 

9- 

8 

10— 

8 

Il- 

8 

ia — 

8 

6— 

9 

7- 

9 

8- 

9 

9— 

9 

lO— 

9 

Il- 

9 

ia— 

9 

12— 

lO 

sin. 

COS. 

//  a 

//  // 

— o.  0005 

— 0.0001 

— 0.  0001 

 0.0006 

— 0.  OOO5+,  000002«V 

— 0. 0010 — .  oooooiwV 

— 0. 0007 — .ooooii»V 

— 0. 0008-I-.  ooooo5«V 

— 0.  OOOI+.  OOOO0I«'/ 

4-0. 0001—.  oooooi«'/ 

-|-o.  001 1+.  00003IW'/ 

—0. 00184-.  oooo53«V 

— o.oo2i+.oooo48«V 

— 0. 00144-.  000025KV 

-|-o.  0028+.  oooo33«V 

—0. 03164-.  ooooo3«'/ 

— 0.  OI22-j-,  OOOOO9W'/ 

— 0. 0235—.  ooooo6«'/ 

— 0.  oo95~r'  ooooouw  * 

— 0. 0076 — .  ooooo4«V 

^-O.  0002 

— 0. 0001 

-|-o.  0006 — .  oooooiwV 

—0.  0001—.  00OOO2»V 

4-0. 0002+.  000002«V 

— 0. 0008 — .  000001 «'/ 

4-0. 0006 — .  ooooo3«V  , 

4-0. 0001 4".  ooooo3«V 

-f-o.  0003—  oodoi9»V 

0. 00004-.  00001 7»'/ 

— 0. 0005—.  ooooo9«'/ 

— 0. 0009+.  000026mV 

+0.  OI54+.  000002«V 

— 0.  00204->  OOOOI  I«'/ 

+0.  oiii+.ooooo4«V 

— 0. 00794-.  ooooo4«V 

4-0.0004 

4-0. 0008 

4-0. 0001 — .  ooooo3«'/ 

4-0. 0001  -{-.  oooooiwV 

0. 0000 — .  000001  »V 

0.  OOOO4-.  000002«'/ 

0. 0000 — .  000001  »V 

0. 00004-.  OOOOOI?/'/ 

4-0. 0006—.  ooooo4«'/ 

4-0. 0001 — .ooooo3«V 

4-0. 0005—.  00001 1«'/ 

4-0. 0002—.  ooooo3»V 

4-0. 0027—.  ooooo3«V 

4-0.  0064 4".  000002«'/ 

4-0. 00064-.  oooooiwV 

4-0. 00024-.  OOOOOI«V 

Arg={y4-^^ 


i'  i 
o  o 


2  O 

3  o 

4  o 

5  o 


6v' 


4-0. 27814-.  oi86i9«V 

4-.OOOII252»'V2 

4-0. 61694-.  676oo8«V 

4-.O0I28728«'2/2 

4-0.  74704-.  oi8297«V 

4-.  oooo7799«'3;/2 

4-0. 02924-.  0007  io«V 

4-.  ooooo5o4«'V* 

4-0. 02764-.  oooo34«'/ 

4-.oooooo34«'2/9 

4-0. 00044-.  oooooiwV 

4-.00000002«'2^2 


+0. 6757—.  892752«V 

4-.ooo97623«'5^* 
4-1.2544—.  024933«V 

4-.OO0II223«'V5 

4-0. 5359 — .  ooio8o«V 

4-.00000828«'2/2 

4-0. 0154—.  oooo58«V 

4-.  oooooo59«'2/2 

— 0. 0009 — .  ooooo3«'/ 

4-.  00000004w'2^2 
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6y' 

Arg=i'^'+i^ 

COS.               _  ^ 

8in. 

i'  i 

//  // 

//  // 

—  4—  I 

— o.  0003 

,  0004 

—  3—  I 

—0. 0014 

—  0.0061 

—  2—  I 

— 0. 1744— ,ooooo7«7 

—  0.0450+.  ooooi7«'^ 

  I_„  1 

— 0. 2245—.  0001 24«7 

—  0.  2023+.  000 1 88«'^ 

0—  I 

—0. 28384-.  ooo86i«'^ 

—  o.3O74+.ooo330«'/ 

I —  I 

—0. 4186+.  oo3i54«V 

+  o.3343+.oo4i20«7 

2 —  I 

+0. 4800—.  027584^7 

—  1.3399— -04325  2«V 

3—  I 

— 2.  7100-.  009645WV 

+  2.29i5+.oi4945«'^ 

4—  I 

-f  1 . 4022—.  0007  7 1 « V 

+  o.36i5+.ooo867«'^ 

5-  I 

+0. 0033—.  O00O62«'^ 

+  0. 0074+.  000050^'^ 

6—  I 

+0. 0001—.  ooooo7«V 

—  o.ooo8+,oooooi«7 

—  2—  2 

—0.0042 

—  0.0021 

^—  1  2 

— o«  0338+.  ooooo3«V 

+  0. 0642+.  oocxx)4«'^ 

Q  ,  2 

—0. 0849+.  oooo95«V 

+  o.o763+.oooo27«'/ 

I—  2 

—0. 1032—.  0002l8«'^ 

+  0.0572+.000002«V 

2 —  2 

+0. 061 8+.  ooo595«V 

+  0.0866 — .  ooo424«'^ 

3—  2 

+0. 0904+.  oi32io«V 

+  0. 6076— .  oi4867«'^ 

4—  2 

+3.2207— .362438«V 

+  13.  6148—.  oo486i«'^ 

5-  2 

+o.8754+.o99369«'^ 

—  2.83ii+.o63826«'^ 

6—  2 

—0. 0249+.  023487«7 

—  0.  o552+.o3ioo6«'^ 

7-  2 

—0. 0070+.  ooi334«'^ 

—  0. 0041 +.001 782^'^ 

8—  2 

—0. 0009+ .  oooo84«V 

—  0.  ooo6+.oooii3«'/ 

— 0. 0026 

+  0.0022 

+0. 0237+.  000003^7 

+  0.0207— .00000 1  «7 

+0.  0182 — .  000020«V 

+  0. 0423— .  oooo36«7 

2—  7 

+0. 0143—.  oooo23«7 

+  o.0464+.oooo2i«'^ 

+0. 0104—.  oooooiw'^ 

+  0.0129— .oooo78«V 

4 —  3 

+0. 0467—.  ooo843»V 

+  0.0065— .0028 1 3«'^ 

5-  3 

+0,  iio2+.ooo7i6«7 

+  0. 0762— .  oo3302«V 

6-  3 

+i.57o8+.oo3366«V 

+  1.4476— .003996//'^ 

7—  3 

+0.  8394—.  003134^7 

—  I.  7277+.ooiooo«'^ 

8-  3 

—0.  2103+.  ooo300«V 

+  0.  i382+.oooo89«'^ 

9—  3 

+0. 0072+,  ooooiowV 

+  0. 0306+.  oooooiwV 

lo—  3 

+0.0004 

+  0.0010 

+0.0013 

+  0.0025 

*  4 

+0. 01 14—.  oooooi^rV 

—  0.  0079 — '  000002«'^ 

*  4 

+0. 0212—.  000002«V 

—  0.0041+.  OOOOOI«'^ 

3 —  4 

+0.  O22I+.  000002«V 

+  0.  ooii+.oooo49«'^ 

4 —  4 

— ^u.  uujz — .  ouoQjzn  f 

—  0. 0068—.  000005^'^ 

S— 4 

+0. 01 23— .  00091 7«V 

—  0. 0180+.  oooo79«'/ 

6 —  4 

+0. 0488—.  ooo795«'^ 

—  0.0022 — .ooo334«V 

7-  4 

+0. 4619—.  ooo359«V 

—  0. 4032— .  ooo447«'^ 

8-4 

+0. 9286 — .  0001  o6«'/ 

—  0.2713— .ooo394«'^ 

9-  4 

—4. 1159— .ooio47«'/ 

—  i.2383+.oo2535«7 

lo—  4 

+0. 5985+.  000450/zV 

+  0. 7483— .ooo30i«7 

II—  4 

+0. 0024+.  oooo49«7 

—  0.0035 — .  00001  iw7 
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8y' 

coa. 

sin. 

i'  i 

//  // 

//  // 

I-  5 

-f-o.ooi8 

— 0.0004 

2-  S 

— 0. 0025 

^  ^.  0062 

3-  5 

-fo.  0005 — .  000003//V 

— 0. 0107+.  000006//'/ 

4-  5 

*~"^»  UI             WXXJUy/X  * 

5-  5 

— 0. 0015 — .  ooooo6mV 

—0. 0055—.  000043//V 

7—  5 

 0. 0021—.  oooi88«'/ 

5—  5 

 0.  loli— .  oooi6o«'/ 

 0  l»7R94_  ooooSt**'/ 

9—  5 

— 0  o8C2   oooooCm'/ 

lo —  5 

— u.  IWy  I— .  OUUOjjW  ♦ 

II—  5 

I  "5  5  C   <wio90**'/ 

12—  5 

— 0. 07 11  .  ooooo6«'/ 

— >o  ooo^-L  onno^rtM'/ 

2—  6 

4-O.OOOI 

— 0,  OOII 

3-6 

—0.0039 

-fo,  0007 

4-  6 

5-  6 

U.  UU^U— »  iXXAJIO//  * 

O—  0 

— 0,  ooi9-j->  ooooo7»V 

n  oooi-L.  ntvwi'3*t*f 

7 —  *> 

Q   A 

 fi  nr>*7i-L  ftnnrtnR*»'y 

n  A 

-^U.  Uji^O-^.  (JUUUOU7/  « 

lO —  0 

— UlUj-^.  IXXaJJO/X  * 

Y  Y  A 

II —  O 

— u.  UjSj^-j-,  ouuoizn  ♦ 

13—  6 

 0  f>n*TA  1 1  rKVwiTM'y 

ui  y^-^»  ouuuui//  ♦ 

3—  7 

— 0. 0005 

— O.OOOI 

4—  7 

 0001 

•^0.  0023 

S-  7 

A   M 

 0  OOTO   <W10IT«'y 

7—  7 

•^0.  UtAJy-j-.  UUOUUI//  * 

5—  7 

*4-o  001 3-t-  oono'jj***'/ 

1  ^  rvxiA       /vw^f  A«f 

9 —  7 

 0  0021 -U  000062*1'/ 

-pU.  UUj^  .  OUUOj  J//  * 

lo —  7 

J  <^  oo'?A-X_  /vw^>i  A**'/ 

-|-o.  0370 — •  000004//'/ 

n—  7 

— 0. 0124-I-.  ooooi7»V 

+0.  0305 -f  ,  000008//'/ 

12—  7 

— 0.OI2I+,O0OO04«V 

+0.  0110+.  000006//'/ 

5-  8 

\J\aJO 

-|-o.  0003 

A  tt 

-4-0.  ooii— .  ooooom'/ 

7—  » 

-|-o.  ooio-|-.  000004//  / 

o —  o 

1  ^  oort'5— .  rww^vi**'/ 

-}-o.  0001 — .  000003//  ♦ 

9 —  o 

-pO.  OUOj — .  OUU024//  * 

lO —  o 

4-0. 0009—.  ooooi3»V 

4-0. 0022 — ,  000035//'/ 

t  Y  fi 

1 1 —  o 

+0. 0171-f ,  oooooiwV 

4-0.  0027—.  000020«'/ 

12—  8 

H-o.  0128+.  000005W'/ 

4-0, 0085 — .  000008/*'/ 

6 —  9 

+0. 0002 

— 0. 0002 

7—  9 

+0.  0005—.  000002WV 

— 0. 0005—.  OOOOOI//'/ 

8—  9 

+.  000001 

4-.  000004//'/ 

9—  9 

— .  000001 

4".  000004//'/ 

10 —  9 

+0. 0003 — .  00001 1//V 

— 0. 0003-)-.  000008//'/ 

II—  9 

+0. 0016 — .  000020//'/ 

— 0. 00064- .  ooooo4«'/ 

12—  9 

4-0. 0028—.  00001  in't 

— 0. 0074 — .  000004//'/ 

12—10 

+0. 0006   .  oooooowV 

—0. 0007+.  000008//'/ 

CHAPTER  XVI. 


PERTURBATIONS  OF  THE  THIRD  ORDER  WITH  RESPECT  TO  DISTURBING  FORCES  IN  THE  LONGI- 
TUDES AND  RADII-VECTORES,  ARISING  FROM  THE  MUTUAL  ACTION  OF  JUPITER  AND  SATURN- 
DETERMINATION  OF  THE  FACTORS  OF  S^T  AND  ^T'. 


The  corrections  to  be  applied  to  T  and  T',  on  account  of  terms  of  three  dimen- 
sions with  respect  to  disturbing  forces,  will  be  denoted  by  3^T  and  d^T\  In  deter- 
mining them  it  is  important  to  reject  all  parts  of  the  formulae  which  afford  insignificant 
terms,  and  thus  reduce  the  very  onerous  labor  involved.  In  this  connection  it  will  be 
seen,  on  referring  to  the  previous  elaboration  of  the  second-order  terms,  that  those 
involving  the  factors  u  and  u'  are  generally  insignificant  and  in  the  remaining  cases 
quite  small.  As,  in  the  third-order  terms,  these  factors  should  give  rise  to  still  smaller 
terms,  it  is  thought  allowable  to  entirely  neglect  them.  For  like  reasons,  all  terms 
arising  through  the  consideration  of  dh  and  6h'  will  be  neglected.  Thus,  we  will 
consider  only  the  four  augmentations,  w<5^,  Vy  w'<5/,  and  v'. 

Then,  applying  Taylor's  theorem,  extended  to  any  number  of  variables,  to  the 
functions  T  and  T',  we  have 

6^T  ==    And*z  +  Bdv  +  Fn'd^z'  +  Gdv* 
,  I  ,d»T  .  ,     ,cPT     ,  ,  1  „cPT 


ST*  =    A'n'dV  +  B'fiv'  +  F'nd»«  +  G'Sv 
■  »  /,<^*T      ,     .cPT'     ,  ,  I  jyL'  , 


The  four  factors,  A,  B,  F,  and  G,  of  the  first  line  of  each  of  these  two  expressions 
are  the  same  as  the  factors,  denoted  by  these  symbols,  employed  in  the  computation 
of  the  second  order  terms,  and  the  first  factors  of  the  two  following  lines  are  obtained 
from  those  just  mentioned  by  partial  differentiation  with  respect  to  g  or  ^.  Thus^ 

340 


FACTORS  OF  THE  THIRD  ORDER  TERMS.  34 1 

eleven  out  of  fourteen  quantities  involved  in  each  of  these  expressions  are  determined 
in  the  easiest  manner  possible;  a  notable  advantage  resulting  from  the  employment  of 
Hansen's  variables.  But  the  first  factors  of  the  three  terms  in  the  last  line  of  each 
expression  must  be  specially  computed.    They  all  have  the  form 

H.(0+H.(0+fl.(|)VjI^±H. 

The  readiest  method  of  obtaining  them  appears  to  be  the  following :  Derive,  in 
the  first  place,  the  two  quantities 

2\A  J  a'*    SV^A  J  \f  a*    a'V    8  A  f 

-K04+i(0(4-S)-ll-^H} 

To  save  labor,  it  must  be  remembered  that 

have  been  computed  in  our  work  on  the  second-order  terms,  and  that 

(  AjV^a^-i[^0'    (.Aj^'a^'    UjS^'    A'  7^H,and-:^H 

have  been  computed  for  the  first-order  terms. 

In  the  second  place,  derive  Y  and     from  the  equations 

M,  N,  M',  and  N'  have  been  used  in  deriving  the  quantities  denoted  X  and  X'  in 
the  second-order  terms.    Also,  ^(^^o^^^>  ^t^-j  ^^^^  already  been  obtained  in  com-  - 
puting  V  and  V  in  the  second-order  terms. 

Then 
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We  have  already  used 

in  computing  V  and  V.  The  quantities,  for  the  sake  of  distinction,  denoted  A,  B, 
A\  and      are  the  same  as  A,  B,  A',  and  B'  in  the  formulae  of  the  first-order  terms 

„    .       ^  _  an 

X  -  A  ao       -h  ii  Oor 

After  r^-g^  and  '''^^  have  been  obtained,  we  get  the  four  remaining  factors  from 
the  equations 

These  equations  result  very  simply  from  the  consideration  that  T  and  T'  are  homo- 
geneous functions  of  r  and  /. 

If,  then,  we  make  the  two  following  multiplications,  viz., 

(I)' 

(-?-S)(l)'by-!4 

we  shall  be  able,  by  the  aid  of  the  products,  together  with  expressions  previously 
obtained,  to  get  the  quantities  a^Q^fl  and  a^Q'^^a*,  and  that  through  simple 
additions  or  subtractions. 

By  raising  the  value  of  given  on  page  201,  to  the  third  power,  we  have 

"8  (^^2  -  ^^zj  =  [9-83735]  -  2[9-'9885]  cos  g' +  2[8.oio7]  cos  2^'-  2(5.61]  cos  3^' 

+  2[8.6io5  ]  cos^  +  2[7.ii8i]  cos  2g  +  2(5.57]  cos  3^ 
-2(7.8045  ]  cos  (         ^) -2(7.8045]  COS  (  g) 
—  2(6.1481  ]  cos  (  g^  —  2g)  —  2(6.1481]  cos  (  g*  +  2g) 
+  2(6.2142  ]  cos  (2^'—  ^)  +  2(6.2142]  cos  (2^r'+  g) 

Also 

—  f      =  -  [0.12783]  +  2(8.8096]  cos  g  +  2(6.89]  cos  2g 
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The  derived  products  are : 


v  % 

0  o 

O —  I 
O —  2 

o—  3 

0—  4 

1+  4 

1+  3 

1+  2 

1+  I 

1  o 

1—  I 

1—  2 

3 

1—  4 
>—  5 

2+  3 

2+  2 
2+  I 

2  O 

2—  I 

2—  2 

2—  3 
2—  4 

2-  5 

3+  2 

3+  I 

3  o 

3—  I 
3-  2 
3—  3 
3—  4 
3-  5 

3-  6 

4+  I 

4  o 

4—  I 
4—  2 
4-  3 
4—  4 
4-  5 
4-  6 
4—  7 


+  17.678 

—  2.853 

—  o.  149 
+  0.017 
4-  0.001 

0.000 
+  0.006 
+  0.003 

—  0.591 
+  4.033 
+  6.615 

—  1.728 
+  o.  133 
+  0.006 

—  0.010 

—  0.003 
+  0.003 

—  0.081 

—  0.003 

+  6.925 

— 26. 604 

+  0-333 
+  0.097 
+  0.008 

+  0.001 

—  0.008 

—  0.089 
+  1.493 

—  3.576 
—13- 154 

—  0.464 

—  0.062 

—  0.006 

+  0.002 

—  0.021 
+  o. 171 
+  o.  569 

—  8. 723 
+12.065 

—  0,092 

—  o.  085 
+  0.002 


sin. 


—  3.058 
+  o.  294 
+  0.007 

0.000 

+  0.001 
+  0.002 

—  0.045 
+  o.  127 
+  4. 930 
—32. 805 
+  1. 241 
+  o.  128 

—  0.007 

+  O.OOI 

—  0.009 

—  0.007 

—  o.  035 

+  I.  021 

—  4.  278 
—II.  248 

+  0.459 

—  0.066 

—  0.006 

—  0.001 

—  0.007 
+  O.  122 
+  0.234 

—  8.298 
+  19.067 

—  0.034 

—  0.087 

—  0.002 

—  0.006 
+  0.007 

+  o.  175 

—  1.868 
+  2, 196 
+  12. 722 
+  0.964 
+  0.059 
+  0.004 


+0.001 
+0. 003 
—0.315 
+1.949 
+2.397 
—1.073 
+0.068 
+0. 003 


+0, 002 
—0.042 
+0. 020 
+2. 782 

-8. 932 
+0. 256 
+0. 641 
— 0.001 


—0.003 
— 0.044 
+0. 68i 

—1.531 
—4.000 
+0.  226 
— 0.004 
— o.  001 


— o.  010 
+0.088 
+0. 157 
—2. 884 

+3. 396 
— o.  002 
—0.015 


—  1.582 
+  o.  162 
+  0,002 


+  O.OOI 

—  0.024 
+  0.062 

+  2.190 

—11,966 
+  0.698 
+  0,061 

—  0.005 


—  0.002 

—  0.018 

+  0.509 

—  1.947 

—  3-  743 
+  o.  588 

—  0.021 

—  0,002 


—  0.005 
+  0.066 

+  0,053 

—  3.020 

+  5.853 

—  0.053 

—  0,025 

+  O.OOI 

+  0.004 

+  0.079 

—  o.  774 
+  0.914 
+  3. 539 

—  O.OII 

+  0,001 
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Bin. 


COS. 


i' 

t 

o 

—  0.003 

-|-o.  001 

I 

-[-  0. 000 

+0. 039 

^~ 

2 

+  0.  290 

— 0. 201 

^~ 

3 

—  2.  032 

— 0. 959 

^~ 

4 

-|-  0.  611 

+8. 191 

^~ 

S 

-j-IO.  <SOO 

— 0.  50I 

6 

4-  1.087 

-t-O,  2QO 

5_ 

7 

+  0.010 

+0. 099 

5_ 

8 

—  0.005 

+0. 025 

O — 

I 

—  0. 004 

+0. 003 

O — 

2 

~\-  0.050 

-f-o.  001 

o — 

3 

—  0.  212 

— 0. 400 

o— 

4 

—  I- 317 

+1-951 

5  

5 

-f  6.  967 

+0.  757 

6— 

6 

—  2.  838 

 8  IOC 

6— 

7 

+  0.463 

—0. 966 

6— 

8 

+  0. 112 

—0.024 

6— 

9 

+  0.019 

+0. 013 

2 

-|-  0. 007 

-f-o,  004 

3 

+  0.015 

— 0. 080 

4 

—  0.  505 

+0. 169 

c 

H-  1.662 

4-1.  i;?6 

7_ 

6 

+  1.6SS 

—5.417 

7_ 

7 

—  5.85s 

+0. 623 

7_ 

8 

—  0. 723 

—0. 549 

7_ 

9 

—  0.010 

—0. 109 

o 

o  

3 

+  0.005 

— 0. 010 

Q 

O— 

4 

—  0.097 

— 0, 032 

8— 

S 

+  0. 094 

+0.  567 

8— 

6 

+  1. 651 

—I.  246 

8— 

7 

-  3.853 

— 2. 049 

8— 

8 

-  0.432 

+3.  777 

8— 

9 

—  0. 589 

+0.478 

9— 

3 

+  0.003 

—0.001 

9— 

4 

—  0.015 

— 0. 015 

9— 

S 

—  0.05s 

-fo.  126 

9— 

6 

+  0.653 

— 0. 005 

9— 

7 

—  0.832 

-I.  861 

9— 

8 

—  2.604 

+2.  770 

9- 

9 

+  2.698 

+1.384 

— o.  001 
-fo.004 

+0.II4 

— o.  767 
+0. 326 

+2.  766 

+0. 087 

+0.001 
0.000 

— o.  001 
+0. 025 
— o.  099 

—0.364 
+  1.927 

— o. 691 

+0. 043 

+0.010 

+0.003 
+0. 001 
— o.  164 
+0.  528 
+0. 350 
— 1. 291 
— o.  094 
— o.  002 

+0. 004 
— o.  036 

+0.053 
+0.4II 

— o.  914 
— o.  088 
— o.  067 

+0.001 
— o.  005 
—0.012 
+0. 158 
— o.  226 
— o.  423 

+0. 446 


— 0.001 
+0.018 

— O.  lOI 

— o.  271 

+2.471 
—1.709 

+0.017 
+0. 012 
+0.001 

+0. 002 
— o.  003 
— o.  144 
+0. 672 
+0. 106 

-1.967 

— o.  109 
— o.  002 

+0. 002 
— o.  033 
+0. 081 
+0.410 

—1.382 
+0. 150 

— o.  065 
—0.010 

— o.  004 
— o.  006 
+0. 169 
— o.  369 
— o.  438 

+0. 785 

+0. 066 

— 0.001 
— o.  005 

+0. 038 

— O.  022 

—0.372 

+0.  554 

+0. 163 
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Thence  are  derived  the  following  expressions  for  ^(^^^  and  %(r'^f 


COS. 

sin. 

COS. 

sin. 

i*  i 

o  o 

—1.820 

—  7.663 

0 —  I 

— o.  184 

 0  '208 

-1-  I.  171 

+  0.888 

0 —  2 

—0. 023 

+0.043 

+  0.068 

—  0,  13s 

0 —  3 

+0. 002 

+0.003 

—  0.004 

—  0.004 

1+  3 

4-0.004 

+0.001 

—  0.005 

—  O.OOI 

1+  2 

0.000 

—0.009 

0.000 

+  0.017 

1+  I 

— 0. 065 

+0. 021 

+  0.219 

—  0. 054 

I  O 

+0.151 

+0. 137 

-  1.579 

—  2.043 

I —  I 

— o-  339 

+1.593 

-  3.685 

+18. 109 

I —  2 

 296 

+0.  198 

-J-  V,  ^yy 

—  0.  1*12 

I—  3 

-|-o.  024 

+0. 028 

—  0.  058 

—  0.029 

I —  4 

+0.001 

— 0.  001 

  0.002 

+  0.004 

2-j-  2 

0. 000 

— 0. 003 

—  O.OOI 

+  0.005 

2+  I 

— 0. 015 

— 0. 008 

+  0.032 

+  0.014 

2  0 

— 0.015 

+0. 078 

+  0.018 

—  0.396 

2 —  I 

+0.477 

+0. 070 

—  3.  137 

+  1.798 

2 —  2 

—1. 625 

— 0. 663 

+  13.083 

+  5.559 

2—  3 

-f-o,  114 

4~o.  1 20 

—  0. 090 

■4-  0.  OAK 

2—  4 

+0.  027 

— 0.010 

—  0.047 

+  0.034 

2 —  5 

+0.  008 

— 0. 002 

—  0.009 

+  0.003 

3+  I 

— 0.  003 

0.000 

+  0.004 

+  O.OOI 

3  o 

—0.013 

+0.  021 

+  0.036 

—  0.044 

3—  I 

-j-o.  129 

+0.097 

—  0.625 

—  0. 146 

3—  2 

— 0. 027 

—  1.038 

+  1.489 

+  4.058 

3-  3 

—1. 941 

-1-  2.  882 

+  7.037 

—10. 183 

3—  4 

— ~"0. 109 

— — 0.  069 

+  0. 508 

+  0.008 

3—  5 

— 0.019 

— 0.  033 

+  0.045 

+  0.052 

3—  6 

— 0. 002 

— O.OOI 

+  0.004 

+  0.002 

4  o 

— 0. 005 

+0. 001 

+  0.009 

—  0.002 

4—  I 

+0. 013 

+0. 027 

—  0.065 

—  0.076 

4—  2 

+0. 199 

—0. 224 

—  0.344 

+  0.848 

4—  3 

—1. 622 

+0, 029 

+  4.601 

—  0. 928 

4—  4 

+2.  794 

+2.  881 

—  6.912 

—  7.300 

4-  S 

— 0. 083 

+0.  308 

+  0.087 

—  0. 768 

4-  6 

-0.03s 

+0.017 

+  0.058 

—  0.045 

4—  7 

+0.005 

+0.001 

—  0.003 

—  0.003 

S  o 

—0.001 

+0.  001 

+  0.002 

—  0.002 

5-  I 

0.000 

+0.  008 

—  O.OOI 

—  0.017 

5-  2 

+0. 063 

— 0.009 

—  0. 143 

+  0.075 

5-  3 

— 0. 335 

—0.329 

+  0.996 

+  0.  577 
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Arg=i'^'-fi^ 


sin. 


V  i 

e —  A, 

 146 

+2. 01 1 

«; —  ? 

4-1. 176 

—  I  QQA. 
1.  yy^ 

5—  6 

+0.403 

+0.  153 

S-  7 

— 0.  028 

+0.047 

S—  8 

—0.006 

+0.019 

6—  I 

 0,  003 

0.  000 

6—  2 

_|-0.  01 1 

+0. 005 

6—  3 
*> 

— 0. 01  c 

-—V.  J 

 0,  105 

6 —  4 

— 0. 4.6*? 

+0,418 

6—  *; 

+2.  096 

-f-o.  440 

6-  6 

—1.044 

-2.  925 

6-  7 

+0. 226 

— 0.  398 

6—  8 

+0.060 

+0. 003 

6 —  9 

+0.015 

+0.013 

7 —  2 

+0.  001 

0.  000 

018 

7 —  4. 

— 0.  IC2 

+0.  001 

7-  5 

+0. 435 

+0. 577 

7—  6 

+0. 728 

— 1. 902 

7—  7 

-2.358 

+0. 285 

7—  8 

—0.318 

—0. 266 

7—  9 

+0. 006 

-0.057 

8—  3 

— 0. 001 

 0, 002 

8—  4 

— 0. 024 

— 0.018 

8-  5 

—0.017 

+0. 195 

8—  6 

+0. 658 

-0.374 

8-  7 

—1.524 

— 0.901 

8—  8 

-0.145 

+1.673 

8—  9 

— 0. 323 

+0. 225 

9—  4 

— 0. 005 

— 0.006 

9—  S 

— 0. 029 

+0. 047 

9 —  6 

+0. 294 

+0. 042 

9—  7 

— 0. 293 

— 0. 954 

9—  8 

—1.498 

+1.357 

9—  9 

+  1.523 

+0.921 

— o.  167 
—6. 566 
— o.  814 
+0. 003 
+0. 005 

+0.003 
— o.  027 
+0. 086 
+0.803 
—4. 150 
+1,808 
—0.359 

— o.  088 
— o.  018 

—0.003 
— 0.012 
+0. 284 
— o.  925 
—1. 127 

+3.884 
+0.531 

+0. 003 

0.000 
+0. 050 
— o.  023 
— 1,060 

+2.  502 
+0.  283 
+0.459 

+0.009 
+0.039 

— o.  434 
+0.511 
+  1.968 
— 2, 023 


—4.  613 
+4.000 
— o.  234 
— o.  074 
—0.023 

0.000 
— 0.004 
4-0.  216 
—1 . 026 

-0.583 
+5. 294 
+0.713 

+0.014 
—0.013 

— o,  002 
+0. 041 
— o.  064 
— o.  972 

+3.383 
—0.415 
+0.415 

+0.  086 

+0. 005 
+0. 024 
— o.  336 

+0. 725 
+1.390 

—2,  582 
—0.353 

+0.009 

— o.  076 
— o,  023 

+1.324 
—1.948 
—1. 126 
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In  the  next  place  we  obtain  the  expression  of  Y : 


Y 

ATg=Hy+i'g'-\-i9 

Y 

sin. 

COS. 

sin. 

COS. 

H     i'  i 

// 

// 

H       i'  7~ 

// 

// 

0      O  0 

+  0.29 

— I       2 —  2 

1.  03 

—  I.  77 

I       o   I 

+42.  30 

—  0.  13 

0      2 —  ^ 

V               ^  J 

4-  0.  Q7 

  0.  42 

— I       O  0 

4.  II 

—  3' 93 

1       2—  4 

  0,  65 

 0. 14 

O  0 —  I 

—  3.07 

—  0. 02 

—I      2—  3 

  0.  16 

I       0—  2 

—  0.32 

-r  2.57 

0  2—4 

»U  0  oc 

+  0,  02 

—  I       O—  I 

_j_  20 

I      2—  5 

0, 00 

+  0. 01 

O  O —  2 

— |-  0.  02 

—  0. 19 

—I       2—  4 

0.  00 

  0.  01 

I     o—  3 

—  0.  14 

  0,  04 

0      2—  S 

0. 00 

0,  00 

—  I       O—  2 

—  0.02 

I       2 —  6 

0,  00 

+  0.  01 

o  o —  3 

-|-  0.  01 

0.  01 

—I     3+  * 

+  O.OI 

+  0.09 

I  o —  4 

-f-  0.  OI 

—  0. 01 

030 

+  0.15 

—  0,03 

—I     1+  3 

-j-  0.02 

—  O.OI 

I     3—  I 

—  0.06 

—  0. 13 

O       \-\-  2 

—  0. 01 

—  0.04 

— I     3  0 

—  2.04 

+  0.30 

I        1+  I 

+  O.OI 

+  0.05 

0     3 —  I 

—  o.8i 

+  1.45 

—  I  2 

+  0.22 

+  0.26 

I     3 —  2 

+  1.08 

+  0. 10 

o     i-f"  ^ 

+  0.  36 

—  0. 24 

—I     3 —  I 

+11.27 

—19. 84 

I       I  0 

—  0.71 

—  0. 17 

0     3 —  2 

—  3.53 

-  4.98 

—  I       1+  I 

—  S.05 

+  3-33 

I     3—  3 

—  2.34 

+  3.94 

O       I  0 

+  0.64 

+  3-00 

— I     3—  2 

+47-  54 

+68. 68 

I       I   I 

4-  4.79 

-  4.52 

0     7. —  1 

—  0. 12 

—  0. 19 

1             1  Q 

-  8.13 

—41.32 

—  4.93 

—  6.64 

O       I   I 

—  0.44 

+  0. 10 

— I     3 —  3 

+  3.97 

—  1.27 

I        I —  2 

+  5.  IS 

+24.  23 

0  3—4 

+  0-34 

+  0.50 

—  I        I—  I 

+  1-23 

+  3-13 

I     3—  5 

—  0.22 

—  0.44 

O       I —  2 

—  0. 35 

—  1.77 

—  *      3 —  4 

+  0. 17 

—  0.  29 

I      I—  3 

0.98 

+  0.58 

0     3 —  5 

+  O.OI 

+  0.03 

—  I        I—  2 

—  0. 20 

-j-  0.  22 

I     3-  6 

—  0.02 

—  O.OI 

o  1—3 

-|-  0.08 

—  0.  OK 

— I      4.  0 

—  0. 24 

+  0.17 

I     I—  4 

-\~  0. 01 

 0. 04 

0     4 —  1 

+  0.03 

+  0.30 

—I     I—  3 

—  0. 01 

  0.  01 

I  4 —  2 

-\-  0.  10 

—  0.09 

o  1—4 

0. 00 

-j-  0.  02 

—I     4—  I 

  0.  40 

—  4.03 

I     I—  5 

-j-  0. 01 

—  0. 01 

0  4 —  2 

  I.  07 

—  0.  69 

—  I       2+  2 

+  004 

-j-  O.OI 

I     4—  3 

+  0.07 

+  1 . 01 

O      2-f-  I 

+  0.03 

—  0.06 

—I     4—  2 

+  25.61 

+  9.49 

0  4—3 

+  3.28 

-  3. 57 

I       2  O 

—  0.09 

+  0.02 

I     4—  4 

—  3.  12 

—  1. 16 

-I       2+  I 

—  0.32 

+  0.76 

-45.37 

+48. 01 

0      2  0 

+  0.7S 

+  0.3s. 

0  4-4 

+  0.13 

—  0. 27 

I       2—  I 

+  0. 19 

—  0.96 

I     4-  5 

+  3.07 

-  3.54 

—  I       2  O 

— 10.  24 

—  4.81 

—I     4—  4 

+  1.47 

+  4.85 

O      2—  I 

—  6. 12 

+  2.66 

0  4—5 

—  0.23 

+  0.24 

I       2—  2 

+  4.49 

+  3.75 

I     4—  6 

+  0.24 

—  0.31 

—  I       2 —  I 

+84.45 

-35.85 

-I     4-  5 

+  0.35 

+  0. 19 

0       2—  2 

—  0. 20 

-  0.15 

0     4—  6 

—  O.OI 

+  0.02 

I       2—  3 

—13.17 

+  5.88 

I     4—  7 

+  O.OI 

—  0.03 

A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


y 

y 

sin. 

COS. 

COS. 

H 

t  I 

// 

X 

%  t 

// 

5 —  o 



O.OI 

+  0.04 

—1 

6—  8 

—  0.03 

0.00 

O 

5 —  I 

0.03 

-h  0.04 

0 

6-  9 

0.00 

+  O.OI 

I 

S —  2 

+ 

O.OI 

—  0.02 

I 

6—10 

—  O.OI 

—  O.OI 

 I 

5—  I 

0.41 

—  0.47 

5—  2 

0.43 

+  0.  II 

7 —  2 

+  O.OI 

—  0. 16 

I 

S—  3 

+ 

0.  12 

+  0.15 

0 

7—  3 

—  0.09 

—  0.05 

—  I 

5—  2 

+ 

S.61 

—  1.47 

I 

7—  4 

—  O.OI 

4-  0  03 

S-  3 

+ 

0. 35 

—  1.96 

— I 

7-  3 

+  1. 16 

+  0-73 

, 

S—  4 

0. 83 

+  0.19 

0 

7—  4 

+  0.43 

—  0.  29 

 1 

S—  3 

4. 78 

+26.  74 

I 

7-  S 

—  0. 14 

—  0. 10 

S—  4 

+ 

3.04 

+  1.79 

—I 

7—  4 

-5.85 

4-  3.86 

I 

5-  S 

0. 38 

—  2.26 

0 

7-  5 

+  0.30 

+  1.40 

 I 

5—  4 

—40. 99 

-24.83 

I 

7—  6 

+  0.45 

—  0.28 

S —  5 

+ 

0. 32 

+  O.OI 

—I 

7—  S 

—  4. 16 

—18. 98 

5   6 

+ 

2.32 

+  1.22 

0 

7—  6 

-  I.S8 

—  0. 14 

4. 62 

4-  1. 0^ 

I 

7—  7 

0.00 

+  0.94 

5—  6 

0.1S 

Wf.  1 1 

—I 

7—  6 

4-21. 27 

4-  2. 17 

? —  7 

+ 

0. 26 

0 

7 —  7 

—  0.20 

+  0. 10 

5—  6 

0. 19 

4-  0. 10 

I 

7-  8 

—  0.80 

—  0.01 

5—  7 

0.03 

0.  00 

—I 

7—  7 

+  2.61 

—  2.34 

S—  8 

+ 

0. 02 

0.  00 

0 

7—  8 

+  0.06 

+  0.04 

S—  7 

+ 

O.OI 

+  0.04 

I 

7-9 

—  0.  12 

4-  0.06 

S-  8 

+ 

0. 01 

0.00 

— I 

7—  8 

4-0.06 

—  0.37 

I 

S—  9 

0.00 

—  0.02 

0 

7—  9 

+  O.OI 

0.00 

I 

7—10 

—  0.01 

4-  0.02 

 1 

6—  I 

0.  08 

—  0.  O*? 

6—  2 

0.  OS 

-1-  0.  06 

 1 

8—  2 

0.00 

—  0.02 

1 

+ 

0.03 

0.  00 

0 

8—  ^ 

—  0.02 

0.00 

6—  2 

+ 

0. 66 

0.  77 

I 

8—  4 

0.00 

0.00 

6—  ^ 

0.  20 

  0*45 

— I 

8-  3 

4-  0.  22 

4-  O.OI 

"  T- 

0. 13 

+  H 

0 

8-  4 

+  0.04 

—  0.  II 

0 —  3 

+ 

2.72 

-|-  0.  25 

I 

8—  5 

—  0.03 

0. 00 

o —  4 

+ 

1.74 

—  0.03 

— I 

8-  4 

—  0. 64 

4-  '-44 

0 —  5 

0. 26 

—  0,64 

0 

8-  s 

+  0'33 

4-  0.34 

I 

8-  6 

4-  0.05 

—  0.  II 

6—  4 

—23.94 

+  0.30 

0. 75 

—I 

8-  S 

—  4.52 

—  4-71 

6-  5 

+  2.29 

0 

0 —  0 

—  0.97 

4-0.44 

6—  6 

+ 

1.52 

—  0.04 

8-  7 

I 

4-  0.30 

-\-  0.26 

6-5 

+  10.51 

—31-00 

— I 

8—  6 

—  C  qC 

6—  6 

+  0.06 

H-  0.28 

0 

8-  7 

—  0. 14 

—  0.98 

6-  7 

0.35 

+  I-4I 

I 

8-  8 

-  o.ss 

+  0.27 

6-  6 

2. 29 

—  3-70 

—I 

8-  7 

+  1.73 

-hi  3. 38 

6-  7 

+  0.05 

—  0. 12 

0 

8—  8 

—  0.  12 

—  0. 14 

6—  8 

0.00 

+  o.i8 

I 

8-9 

—  0.  10 

—  0.41 

6-  7 

0.39 

—  0. 13 

—I 

8—  8 

+  2.07 

+  1.60 

o 

6-  8 

+  O.OI 

—  O.OI 

0 

8-  9 

4-  0.01 

+  0-03 

6 —  9 

0.00 

+  0.02 

I 

8—10 

—  0.02 

—  0.07 
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Arg— «y+t'p'+»? 

Y 

Krg=Hy-\-i'g'-\-%g 

Y 

bin. 

COS. 

sin. 

COS. 

H     i'  i 

// 

// 

// 

—I     9—  3 

+0.03 

— 0. 02 

 J       ^   g 

+3-24 

-4.58 

0  9 —  4 

— 0.01 

— 0, 02 

0  9 — ^7 — 

_  — 0.06 

— 0.  64 

1     9-  5 

— 0,01 

0.00 

I     9—  8 

—0. 13 

-|-0.  22 

—I     9_  4 

+0.03 

+0-31 

—I  9—7 

+6.27 

+8.  76 

0  9—5 

-fO.  II 

+0. 02 

0  9—8 

+0.  57 

— 0. 23 

I  9 —  6 

— 0,01 

—0.03 

I     9-  9 

— 0. 23 

— 0. 30 

—I     9—  5 

— 1,60 

— 0.41 

—I     9—  8 

-7.76 

+2.89 

0     9—  6 

— 0.  24 

+0-  33 

0  9—9 

-0.51 

+0.03 

I     9—  7 

+0.  II 

+0. 02 

I  9 — 10 

+0.17 

— 0. 03 

In  like  manner  we  have  the  expression  of  Y' : 


Y' 

sin. 

COS. 

sin. 

COS. 

n 

// 

H 

i'  i 

// 

// 

000 

+ 

4.6 

—  I 

4—  ^ 

—  45-4 

—  3.9 

— I      I  0 

— 133.8 

5.8 

0 

3—  I 

+  16. 1 

+  14.4 

—  120 

—120.3 

+  101.6 

I 

2 —  I 

-X-  10  7 

  1 

0     I  0 

+  73.0 

+ 

I.  I 

—I 

5-  I 

—  6.1 

+  3.5 

1     0  0 

+  33.7 

54-4 

0 

4—  I 

+  3.8 

+     0.  2 

—130 

6.0 

+ 

23.2 

I 

3-  I 

+  I.I 

-  0.8 

020 

+  IO-3 

8.6 

— I 

6-  I 

—  0.4 

+  0.8 

I      I  0 

0.6 

8.0 

0 

5-  I 

+  0.5 

—  0.3 

-140 

+ 

I.  2 

+ 

3-1 

I 

4—  I 

+  0.1 

—  0.2 

030 

0.5 

2.0 

+    0. 2 

— I 

0 —  2 

0.0 

I     2  0 

0.5 

0,7 

0 — 

I —  2 

+  0.3 

+  0.1 

-1     5  0 

+ 

0.4 

+ 

0-3 

I  — 

2—  2 

—  0. 2 

—  0.3 

040 

0. 1 

0.3 

—I 

I—  2 

+  1.3 

+  2.6 

I     3  0 

0. 1 

0.0 

0 

0—  2 

+  4.7 

+  10.4 

—I —  I —  I 

+ 

0.5 

+ 

0.  2 

I— 

I —  2 

-  3.4 

—  1.9 

0 —  2—  I 

+ 

0.6 

0.5 

—I 

2—  2 

—  24. 1 

+  16.  I 

I—  3-  I 

1.2 

+ 

0. 1 

0 

I—  2 

+  21.5 

—  9.7 

—  I  0 —  I 

+ 

4.5 

0.7 

I 

0—  2 

-  55.1 

—  122.3 

0 —  I—  I 

+ 

2.0 

5.3 

—I 

3-  2 

4-865.8 

—365.0 

I —  2—  I 

7.6 

+ 

*  5.4 

0 

2 —  2 

+  4.7 

—  6.2 

—I     I—  I 

+ 

37.5 

6.2 

I 

I —  2 

-255.3 

+  112.  6 

0     0—  I 

14.3 

+ 

69.9 

— I 

4—  2 

+163.7 

— 260. 1 

I—  I —  I 

25.0 

+ 

63.3 

+  29,8 

0 

3-  2 

—  73.1 

—I     2 —  I 

— 200.0 

— 1012.4 

0     I—  I 

8.2 

31 

I 

2—  2 

—  31.0 

+  57.9 

I  0 —  I 

171.9 

827.9 

— I 

5-  2 

—  31 

-  65.3 

—I     3—  I 

192.3 

169.7 

0 

4—  2 

-  13.8 

+  21.8 

0     2—  I 

+  16. 1 

+ 

85.4 

I 

3-  2 

+  1.7 

+  II.5 

I     I —  I 

+  60.9 

+ 

42.  2 

—I 

6—  2 

—  7.0 

—  9.1 
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y 

Arg=«/+i'5'-f-i5r 

Y' 

sin. 

COS. 

sin. 

COS. 

H    i'  i 

// 

// 

X 

i'  i 

// 

// 

o    5 —  ^ 

+ 

0.3 

+ 

5.5 

3—  4 

+  62.0 

—  69,5 

I  4 —  £ 

+ 

I.  2 

+ 

1. 2 

6—  4 

51.9 

+264.4 

—  I      7 —  2 

0. 6 

5—  4 

+  31.4 

—  32.4 

O  6—2 

+ 

0. 6 

+ 

0.7 

4—  4 

+ 

5.6 

—  37- 1 

+ 

0-3 

+ 

0. 1 

7—  4 

+  28.8 

+  73-3 

-I       8—  2 

0.  2 

0.0 

6  ^ 

-f- 

4.6 

—  22.3 

O  7—2 

t 

+ 

0. 2 

0.0 

5—  4 

4.2 

—    8. 0 

I      6—  2 

+ 

0. 1 

0. 1 

0 —  4 

+  14.5 

-4-  10.  A 

—I     I—  3 

0. 1 

0. 1 

7 —  4 

2.4 

  fi  f 

0.  1 

o       U  J 

+ 

0. 2 

+ 

0.9 

0—  4 

1.7 

  1, 0 

I —  I —  3 

+ 

0. 1 

0. 1 

9 —  4 

+ 

3.5 

4-    0.  I 

 I     5   ■J 

— I       z —  3 

2.2 

+ 

1.8 

0—  4 

I.  2 

  0. 8 

+ 

0.3 

0.7 

7 —  4 

0.8 

  I 

I     o  3 

1.8 

II. 6 

IQ   4 

+ 

0.5 

0  7. 

0.  J 

4.9 

46.7 

9 —  4 

0.2 

0.  0 

O      2 —  3 

+ 

8.1 

+  10.9 

Q   A 

0 —  4 

0. 1 

4-    0.  I 

8.6 

9.4 

— I 

3-  5 

0. 1 

—    0.  I 

—  I        A—  1 

+424- o 

+610.3 

2-  5 

0. 1 

0.0 

"      0  J 

+ 

4.5 

+ 

5.2 

I-  5 

0. 1 

+  0.1 

f       9—  ^ 
I       ^ —  3 

95.1 

—131. 5 

— I 

4-  5 

+ 

3.0 

—  3.1 

— *     5 —  3 

+283-3 

+114. 2 

3-  5 

0.5 

+  0.3 

"      4  J 

34.7 

51.8 

2-  5 

0.  2 

+  0.1 

I     3 —  3 

48.9 

16.6 

— I 

5-  5 

+  10.8 

+  55.4 

 I     6   ^ 

 1        D  3 

+ 

75.2 

15.7 

4-  5 

4.1 

—  1.9 

o     5 —  3 

23' 7 

9.9 

3-  5 

+ 

4.1 

-  3-3 

10.5 

31 

— I 

6-  5 

-317.3 

—186.9 

— *      7 —  3 

+ 

10.8 

10.9 

5-  5 

3-1 

-  4.6 

o     6   1 

Xj         U  J 

6.3 

+ 

1.3 

4-  5 

+  46.3 

+  25.6 

1-3 

+ 

1.6 

7-  5 

—218.5 

+   0. 6 

—I     8—  3 

+ 

0.5 

2.5 

0—  5 

+  26.2 

+  16. 1 

o     7 —  3 

I.O 

+ 

1. 0 

5—  5 

+  25.8 

—  I.I 

I     6—  3 

0. 1 

+ 

0.3 

0 —  5 

62. 1 

-r  3**.^ 

— I     9—  3 

0.2 

0.4 

7—  5 

+  18.3 

o    8-  3 

0.0 

+ 

0. 2 

0—  5 

+ 

6,1 

  A  A 

  4,  4 

>     7—  3 

0.0 

0.0 

9—  5 

8.0 

to.  If 

 1       z —  4 

0. 1 

+ 

0. 1 

8-5 

+ 

5.2 

—     3,  2 

o     I —  4 

0. 1 

+ 

0. 1 

7-  5 

+ 

0.7 

f  6 

—      1.  u 

I     o—  4 

0. 1 

0.8 

10-  5 

+ 

0.5 

+  3.9 

— I     3 —  4 

2.3 

2.6 

9-  5 

+ 

0.7 

—  >.3 

O  2—4 

+ 

0. 1 

+ 

0.6 

8-5 

0. 1 

—  0.4 

I      I—  4 

+ 

0.5 

0. 1 

4-6 

+ 

0. 1 

—  0.2 

—I     4—  4 

+ 

57.0 

5.2 

3-6 

0. 1 

0.0 

o  3-4 

5.0 

+ 

6.0 

2—  6 

0.0 

0.0 

I       2—  4 

+ 

0. 1 

7.4 

5-6 

+ 

3.7 

+  3.0 

-I     5-  4 

-367.8 

+393.9 

0 

4-  6 

0,4 

—  0.2 

o  4—4 

5-3 

+ 

3.5 

I 

3-  6 

+ 

0. 1 

—   0.  I 
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Axg=Hy'-^%*g'+tg 

1 

7 

Y' 

sin. 

COS. 

sin. 

COS. 

H     i'  i 

/I 

II 

—I  6—6 

—  4.6.  ^ 

+  16.6 

— I  10 —  7 

+30,2 

0     K —  6 

4-  0.  ^ 

—  2.6 

0  9 — ^7  

  —  9' 3 

-|-  4. 0 

I     4—  6 

+  3-8 

+  1.9 

I     8—  7 

^'  6 

-1-   «  A 

3. 4 

—I     7—  6 

+  73-2 

—229. 1 

— I       0 —  5 

0.0 

4-  0.4 

0  6-6 

+  3-6 

—  2.6 

0  5—8 

+  O.I 

0,0 

I     5—  6 

—  8.1 

+  28.4 

I     4—  8 

0.0 

0.0 

—I     8—  6 

—  35. 1 

—163. 1 

—I     7—  8 

—  3.9 

-  1.4 

0  7—6 

—  6.7 

+  18.9 

0  6 —  8 

— ["  0.  2 

o.  0 

I     6—  6 

+  2.9 

+  16.6 

I     5 —  0 

— p  0.  2 

4~  0*  2 

— I     9—  6 

—  42.9 

—  46.3 

-I     8-  8 

+  22.5 

— 19.4 

w      0—  u 

+  2.9 

+  13-6 

0  7—8 

4-0.4 

4-0.9 

I     7-  6 

+  4-4 

+  3.9 

I     6—  8 

—  2.  I 

4-0.5 

—I    10—  6 

—  17.2 

—  4.7 

—I  9—8 

4-14.  9 

+91.7 

0  9 —  6 

+  3.6 

+  3.9 

0  8—8 

—  1.6 

4-2.0 

I     8—  6 

+  1.4 

+  0.3 

I  7-8 

—  1.6 

—  8.9 

— *     5 —  7 

4-    0  « 

4-    0  I 

—I    10—  8 

4-51. I 

4-69.3 

0.  0 

  0. 1 

0  9-8 

—  1.2 

—  7.7 

0     4 —  7 

^     3 —  7 

4-    0  1 

0. 0 

I     8—  8 

—  3.8 

—  5.5 

 1        5   y 

—    z.  4 

—  1        7—  Q 

—  0.4 

4-  0.1 

0,  0 

0  6—0 

V      \^  y 

—  0.  I 

0.0 

I      4 —  7 

4"    0»  2 

1       5 —  9 

4-  0.1 

4-  0.1 

1       /  / 

 I  8 —  0 

ft        c»  y 

4-0.7 

-  3.6 

0^7 

■f-  I.O 

0     7 —  9 

4-0.2 

4-0.1 

I     5-  7 

—  0.2 

+  3.0 

I  6-9 

—  0.2 

4-  0. 2 

—I     8—  7 

+  151.  I 

+  II. 9 

—I     ^  9  ■ 

4-16.6 

+13.2 

0  7-7 

+  2.6 

+  2.6 

0  8-9 

—  0.4 

4-  0.4 

I     6—  7 

—  16.4 

—  0.7 

I     7-  9 

—  0.8 

-  1-3 

—I     9—  7 

-f-III.O 

—  49.0 

— I  10 —  9 

—52.4 

+23.7 

0  8-7 

-  12.5 

—    1. 2 

0  9—9 

-  IS 

—  1.0 

1     7—  7 

—  9.9 

+  50 

I     8—  9 

+  4.0 

-  1.3 

The  developments  of  the  three  factors,  which  must  be  specially  computed  for 
«*r,  follow: 


drdr* 

d2T 

Bin. 

00s. 

sin. 

COS. 

sin. 

COS. 

H     i'  i 
000 

I     0—  I 

— I     0  0 

0  0  I 

1  0 —  2 

// 

4-216,02 
-  5.41 
+  301 
+  0.95 

// 

4-0.  46 
— 0. 46 
4-5.60 
-7.78 
+2.  74 

// 

-131.94 
4-  13-88 

—  8.18 

—  2.60 

// 

—  0.35 
+  0.53 

—  16.  22 

4-II.86 
4-  2.06 

// 

-37.81 
-29. 36 

+  19.36 
+  3.58 

II 

—  0.54 
4-32.28 
-16.93 

—  9.59 

A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


drdr' 

Arg=«y+i'ff'+icr 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

» 

// 

It 

// 

// 

// 

It 

—  I 

0 — 

I 

_ 

0.56 



1.49 

+ 

I.  19 

2.57 



2.07 

  4.  12 

O 

0 — 

2 

+ 

0. 87 

+ 

1.06 

I.  20 

1.65 

+ 

1.67 

■X-     2.  ^I 

I 

0 — 

3 

0. 10 

+ 

0.  02 



0.  13 



0. 14 

0. 40 

-i-  0. 27 

— I 

o — 

2 

+ 

0.  II 

0.09 



0.  19 

+ 

0. 12 

+ 

0.  28 

—    0.  17 

o— 

3 

0.  II 

+ 

0.09 

+ 

0.  16 

0. 10 

0. 21 

-j-    0.  12 

I 

0 — 

4 

+ 

0. 07 

+ 

0.  05 

0.  06 

0.06 

0.04 

4-    0. 07 

—I 

1+ 

3 

+ 

0. 01 

+ 

0.  08 

+ 

O.OI 

0.  II 

0. 05 

+  0.14 

1+ 

2 

0. 02 

+ 

0.  13 

+ 

0.  03 

0.  23 

— 

0.04 

+  0.35 

«  1 

I 

0.00 

0.31 

— 

0.  01 

+ 

0.45 

+ 

0. 02 

—  0.66 

1+ 

2 

0. 16 

+ 

0.  07 

+ 

0. 78 

+ 

0. 38 

— 

1.52 

—    I.  10 

1+ 

I 

0. 90 

0. 70 

+ 

1.68 

+ 

0. 75 

— 

3.09 

—  0.63 

I 

O 

+ 

1.33 

+ 

0. 45 

— 

3. 02 

1. 13 

+ 

5.66 

-j-  2.06 

I 

7.49 

+ 

4.47 

— 

3.01 

+ 

4.96 

+ 

22.00 

—  19. 12 

I 

0 

+ 

0. 96 

+ 

4.43 

— 

0. 80 

3.79 

I  — 

I 

+ 

6.58 

8. 66 

+ 

4.21 

+ 

0.55 

23.30 

+  12.98 

—I 

I 

o 

19. 95 

96.  21 

T     T  If 

75 

12.  II 

-r 

36-  97 

+  190.  20 

I — 

I 

15.45 

73.41 

+ 

25.07 

+124. 14 

37.07 

—189.  36 

I — 

2 

+  35-53 

+170. 25 

27. 45 

— 

[32.  20 

12.68 

4-  63.22 

—I 

I — 

I 

11.34 

10. 15 

+ 

15.46 

+  17.80 

17.57 

—  31.29 

I — 

2 

+ 

6. 91 

+ 

4. 65 

6.51 

10.31 

+ 

5.01 

4-  10. 4.6 

I 

I— 

3 

+ 

2.  16 

+ 

3.25 

5.  22 

1.99 

+ 

9.60 

—  0.68 

— I 

I — 

2 

+ 

1.02 

0. 98 

1.62 

+ 

1.67 

+ 

2. 49 

  2. 67 

I— 

3 

0.  77 

+ 

1.07 

+ 

1.32 

1.71 

2. 09 

-1-  2. 

I 

I— 

4 

+ 

0. 14 

+ 

O.OI 

0.  25 

+ 

0. 03 

+ 

0. 44 

  0. 11 

— I 

I— 

3 

0.00 

+ 

0.07 



0. 05 

0. 10 

+ 

0.  10 

4-    0. I t 

I — 

4 

0. 10 

0.00 

+ 

0. 14 

+ 

0. 02 

0.  19 

  0. 02 

I 

I — 

5 

0.  II 

0.00 

0. 10 

0. 01 

+ 

0. 10 

-|-    0. 01 

2+ 

2 

0.  20 

+ 

0. 17 

+ 

0. 32 

0. 16 

0. 45 

+  0.14 

2+ 

I 

0. 14 

0. 03 

+ 

0. 22 

0. 02 

0. 36 

~\-    0.  12 

2 

O 

4- 

0. 40 

0. 21 

0. 63 

+ 

0.  23 

+ 

0.  99 

—  0.28 

2+ 

I 

0. 60 

0.  34 

+ 

0.24 

+ 

2.41 

+ 

0. 63 

—  5.40 

2 

o 

+ 

1.03 

+ 

0.  58 

0. 98 

0.41 

2— 

I 

0. 36 

0.  20 

+ 

1. 41 

1.88 

3.17 

+  5.14 

2 

o 

+ 

3-54 

7.  26 

33.38 

4.40 

+ 

85.91 

+  20.53 

2 — 

I 

28. 62 

4.87 

+ 

48. 86 

+ 

6. 66 

66.  99 

—  12.  18 

I 

2— 

2 

+  23.91 

+ 

13-31 

25.23 

2.98 

+ 

26.  II 

-  13.87 

2— 

I 

25.48 

+ 

9. 13 

— 

104. 85 

—703-  79 

+297.  96 

2— 

2 

+186. 78 

79.19 

-398. 87 

4-169. 60 

+701.32 

—298.81 

2 — 

3 

—142. 94 

+ 

61.66 

+181.31 

77.64 

—234-  17 

+  99-  53 

2 — 

2 

+ 

9.77 

7. 13 

14.07 

+ 

1.45 

+  19- 13 

+  11.32 

2— 

3 

I.  27 

4.48 

3.03 

+  «S.30 

+  10. 18 

—  30.  64 

2— 

4 

4. 22 

+ 

7.69 

+ 

6.63 

12.  83 

10.  22 

+  19.84 

2— 

3 

+ 

1.25 

+ 

0.36 

2. 02 

0. 90 

+ 

3. 08 

+  1.79 

o 

2— 

4 

1.33 

0.  96 

+ 

1.65 

+ 

1.96 

1-93 

—  3.34 

I 

2— 

5 

+ 

0.09 

+ 

0.  64 

0. 03 

1.05 

0. 10 

+  1.64 
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ATg=xy-\-i'g'-^t9 


rr' 


drdr* 


sin. 

COS. 

sin. 

cos. 

sin. 

COS. 

H 

V 

i 

// 

// 

n 

// 

2 — 

4 

+ 

0.  25 

+ 

0.06 

— 

0. 25 

— 

0.09 

+  0.28 

+  0.14 

O 

2— 

5 

— 

0.04 

0,08 

+ 

0.06 

+ 

0.7^ 

—  0.08 

—  0. 26 

I 

2 — 

6 

0.  24 

0. 02 

+ 

0.  24 

0. 05 

—    0.  24 

+  0.08 

J  r 

2 

0. 10 

0.04 

+ 

0. 10 

+ 

0. 04 

—    0.  11 

—  0.03 

Q 

1-1- 

1 

0. 02 

+ 

0. 02 

+ 

0.  02 

0. 02 

—  0.03 

+  0.03 

1 
J 

0 

+ 

0.  II 

+ 

0. 01 

0.  13 

+ 

O.OI 

+     0.  15 

—  0,03 

 I 

i4- 

I 

0.  21 

0. 47 

+ 

0.32 

+ 

0.  72 

—  0.44 

—  1.09 

o 

■3 

o 

0 

0.  21 

0.04 

0.  19 

+ 

0.04 

I 

0. 01 

+ 

0. 50 

O.OI 

0. 84 

+  0.02 

+  1.37 

— 1 

o 

+ 

1.94 

2. 24 

7.  74 

+ 

3.78 

+  17.67 

-  6.51 

1  

o 

5.00 

+ 

3. 62 

+ 

8.58 

5-05 

—  12.08 

+  5.34 

I 

2 

+ 

2. 89 

1-55 

2.09 

+ 

3.60 

+  0.86 

—  6.59 

2.87 

-f  29. 16 

+  23-87 

88.52 

—  83.24 

+190.  i8 

0 

1 — 

2 

+  12.96 

68.  50 

39. 23 

+116. 27 

+  82.22 

—174.71 

-2  

J 

12.33 

+  39-  74 

+  11.88 

50.83 

—  n.83 

+  64.69 

 1 

3- 

2 

81.31 

— 

[22.  95 

+226. 15 

+332. 17 

—465. 38 

—675.68 

0 

3— 

3 

-I-170.  II 

+246, 40 

—299.38 

—429-  37 

^ +467.82 

+666. 44 

3— 

4 

85.07 

— 

[20.  85 

+115.71 

+164.  38 

—154. 50 

—219.21 

—I 

3- 

3 

3-27 

8. 82 

+  16.85 

11.97 

—  39- 13 

+  15.20 

0 

3- 

4 

-f  21.21 

0. 62 

39.24 

5.00 

+  62.48 

+  11-34 

I 

3— 

5 

13. 53 

3-74 

+ 

20. 36 

+ 

5.98 

—  29.04 

-  8.99 

—I 

3- 

4 

0. 53 

+ 

1.74 

+ 

1. 21 

2.  70 

—  2.30 

+  3.98 

0 

3— 

S 

+ 

1.69 

1.83 

3, 12 

+ 

2-37 

+  4.98 

—  2.93 

3- 

6 

0. 85 

+ 

0.  25 

+ 

1.47 

0. 32 

—  2.28 

+  0.36 

— I 

3— 

5 

0. 08 

+ 

0. 05 

+ 

0. 11 

0. 10 

—  0. 16 

+  0.17 

0 

3— 

6 

+ 

0.08 

0. 13 

0. 19 

+ 

0.  20 

+  0.32 

—  0.28 

I 

3— 

7 

0.00 

+ 

0. 11 

+ 

0,04 

0. 11 

—   0. 10 

+    0.  II 

—I 

4 

0 

+ 

0. 26 

0.56 

0. 89 

+ 

1. 20 

+  1.97 

—  2.22 

0 

I 

0. 28 

+ 

1.04 

+ 

0.66 

1. 40 

—    1. 14 

+  1.58 

2 

0.  II 

0.56 

+ 

0.44 

+ 

0.  74 

—  0.89 

—    1. 00 

4 — 

+ 

6. 40 

+ 

6.  66 

9-  SS 

18.63 

+  1 1 . 69 

+  38.70 

0 

2 

9. 02 

13-25 

+ 

10. 13 

+ 

22.55 

—  8.98 

—  33-96 

A  

*T 

•J 
J 

+ 

4. 36 

+ 

6. 33 

6, 48 

7.50 

+  8.99 

+  8.90 

4— 

2 

67. 54 

2.47 

+149.09 

+ 

28.01 

— 274. 98 

—  75-63 

0 

4- 

3 

+  114.  79 

+  15.00 

—181.43 

40.08 

+262. 95 

+  77.15 

I 

4- 

4 

53- 17 

7.01 

+  70.89 

+ 

8.60 

—  92. 45 

—  11.07 

4— 

3 

+  149.90 

-152. 38 

—297. 70 

+308.83 

+514.56 

—540. 04 

0 

4— 

4 

—226. 88 

+239,96 

+350.01 

-374-  56 

—500. 86 

+540.59 

I 

4— 

5 

+  91-46 

98. 39 

—123.79 

+162. 62 

—176.63 

4— 

4 

9.71 

14.64 

+ 

14.04 

+  31-84 

—  19.24 

—  57.03 

o 

4— 

5 

+ 

2. 92 

1.80 

55-84 

0.00 

+  80.98 

I 

4— 

6 

+ 

1.09 

17. 18 

2. 02 

+  24-54 

+  3-27 

-  33-45 

—I 

4— 

5 

2. 13 

0. 44 

+ 

3. 33 

+ 

1. 22 

—  4.91 

—  2.40 

0 

4— 

6 

2.77 

+ 

2.40 

3.66 

4.00 

+  4.68 

+  5.99 

4— 

7 

0. 88 

1.36 

+ 

I.  II 

+ 

2. 05 

—  1.37 

—  2.92 

dr'^ 
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Arg=K 

drdr* 

^  dr"^ 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

—I 

V  i 
4-  6 

// 

+  O.IS 

— 

ft 
0. 06 

—  0.07 

+ 

// 

0.09 

// 

—  0.03 

// 

-  O.IS 

0 

4-  7 

—  0.02 

0.04 

—  0.08 

0. 07 

+    0. 20 

+  0. 20 

X 

4-  8 

—  0.32 

0.  x6 

+  o>36 

+ 

0.  20 

—  0.41 

—  0.25 

—  I 

5  0 

4-    0. 0^ 

0. 20 

—    0.  OS 

+ 

o-  33 

4-   0. 10 

—    0.  SI 

V.J. 

f\ 
\J 

C—  X 

4-  0,06 

+ 

0.  x6 

—  0. 

0. 21 

+   0. 24 

*!—  2 

—    0.  X2 

+ 

0.07 

4-    0. 17 

0. 07 

—     0.  2S 

+   0. 00 

 J 

e   J 

4-    X.  00 

+ 

0. 30 

1.57 

4-    S.  SI 

+  r  82 

Q 

g   2 

—   2*  00 

0. 80 

4-  77 

+ 

X.87 

—    4. 40 
*t. 

0  oj 

1 

J  o 

4-    X.  27 

+ 

0. 12 

—  X.68 

+ 

0.04 

4-   2. 17 

—    0. 29 

 1 

5—  2 

12. 90 

4-  ^2,  XX 

X9. 22 

—  So. ^6 
jy-  0^ 

+  26.05 

Q 

C—  1 
0  o 

4-  2^.  7^ 

X7.02 

—  18. XI 

+  20.42 

+  SS.  8^ 

—  22.  ^0 

1 

i;   4. 

J  *r 

—  0. 72 

+ 

7.98 

4-  12.65 

10.  72 

—  16.  20 

+  13.86 

 J 

C—  ^ 
D  O 

—  2.88 

— X03. 08 

—  10. 00 

+I9X.92 

4-  '?^.o7 

—319.  08 

—    X.  02 

**  y* 

+150.  54 

4-  xS.  IS 
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And  in  a  similar  manner  we  have  the  developments  of  the  three  factors  specially 
computed  for  : 
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+  39.1 

+ 

10.3 

-  31.4 

7.2 

+  24.6 

6- 

9 

+  7.7 

-  7.4 

6.7 

+  6.0 

+ 

5.6 

-  4.6 

9— 

9 

+  306,7 

+  230. I 

237.2 

—  173.7 

+ 

179.3 

+  127. 1 

8— 

9 

-  215.8 

—  201.  2 

+ 

176.  2 

+  162.0 

140.  6 

—  126.9 

7- 

9 

—  46.6 

+  54.1 

37.7 

—    44-  I 

+ 

29.5 

+  34.8 

10— 

9 

—1 103. 5 

+  524.7 

+ 

886.3 

—  429.  3 

702.4 

+  349.9 

0 

9— 

9 

+  848.0 

-  357.5 

704.1 

+  289.2 

+ 

573.2 

—  228.4 

8- 

9 

—  145- 0 

—    II.  2 

+ 

108.2 

+  27.7 

73.8 

—  43.1 

We  have  in  the  next  place  to  attend  to  the  following  factors  of  S^T  and  d^T\  As 
the  multiplications  by  which  these  quantities  are  formed  naturally  divide  themselves  into 
three  sections  independent  of  each  other,  according  as  the  terms  produced  are  independ- 
ent of  the  factors  nt  or  or  involve  the  first  power  of  these  factors,  or  in  the  last  place 
their  squares,  we  will  divide  the  consideration  of  the  second  factors  of  ^^T  and 
into  corresponding  portions. 

Of  these  fourteen  factors  four,  viz.,  n6%  dv,  6v\  have  already  been  given ; 

but  from  Sv  and  Sv^-  must  be  subtracted  the  constants  which  have  virtually  been  sup- 
posed to  belong  to  these  quantities  in  Chapter  I,  when  we  derived  the  value  of  a. 
Now,  from  the  present  investigation,  it  appears  that  the  value  +i''.622  of  the  con- 
stant term  of  given  by  Hansen,*  is  six  times  too  large.  Thus  it  is  necessary  to 
attribute  to  the  constant  terms  of  Sv  and  dv^  severally  the  values  +0^.0665  and 
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We  have  next  to  form  the  ten  squares  and  products  of  the  four  quantities  nSz^ 
n'd^^  K,and  v\  In  doing  this  it  will  be  more  accurate  to  employ  for  n6z^  n'6^\  etc., 
not  their  values,  as  given  by  considering  first-order  terms  only,  but  as  they  are  after 
n6'^0,  n'S^^'^  etc.,  have  been  added  to  them.  In  this  connection  it  is  plain  that  the 
values,  which  ought  to  be  attributed  to  the  constant  terms  of  v  and  r',  are  the  same  as 
those  just  given  in  the  case  of  dv  and  dv'.    It  is  convenient  to  give  these  squares  and 

products  the  factor  ^ '(log=i4.38454),  as,  on  multiplication  by  the  first  factor  of  S^H  or 

d^T',  the  resulting  product  is  in  seconds  of  arc  as  we  desire  it 

The  following  tables  contain  the  developments  of  the  portions  of  these  squares 
and  products  which  are  independent  of  the  factors  nt  or  n't  or  their  powers.  The 
coefficients  are  uniformally  carried  to  nine  places  of  decimals ;  and  the  decimal  point 
is  omitted : 


Arg= 

{ndz){n 

Sz')x\ 

2 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

V  % 

O  0 

+9I2I 

— 2IIS3 

+54062 

—  II 

+  26 

I  0 

+  73 

+  160 

4805 

—301 1 

-I-20252 

+  11864 

+ 17 

—  20 

— 264 

+  205 

2  0 

+  540 

+  967 

228 

379 

454 

1119 

+121 

—213 

-  85 

+  144 

3  0 

—  6 

—2764 

2 

+3576 

+ 

24 

1115 

0 

+  789 

—  3 

—1884 

4  0 

+  21 

+ 

8 

45 

9 

+ 

95 

+ 

5 

+  7 

—  3 

—  18 

+  6 

—3—  I 

—  3 

+ 

40 

+ 

5 

49 

+  2 

+  21 

—  3 

—  51 

— 2 —  I 

-|-  222 

+ 

35 

315 

64 

+ 

216 

+ 

50 

—  81 

+  12 

+  189 

—  39 

+  199 

+  132 

310 

195 

+ 

167 

4- 

122 

-  64 

+  42 

+  176 

—  109 

O —  I 

—  496 

— 

1997 

+ 

444 

+2305 

4- 

203 

+ 

193 

+137 

—508 

— 205 

+  1145 

—  120 

+ 

27 

+ 

56 

+  77S 

155 

+ 

"3 

+  16 

+  2 

—  I 

+  398 

2 —  I 

+  82 

434 

+ 

357 

+  993 

1 149 

4427 

+  3 

-  25 

—  14 

—  12 

3—  I 

+  4" 

— 

1468 

2395 

+4739 

+  5976 

— 

13326 

+  38 

+  124 

— 240 

—  352 

4—  I 

+  1105 

+  244 

1375 

253 

+ 

28 

'  201 

+'83 

—  42 

—437 

+  96 

5-  I 

-  IS 

12 

+ 

103 

-f- 

47 

392 

142 

—  s 

+  8 

+  15 

-  25 

6—  I 

-  3 

16 

+ 

6 

+ 

22 

2 

12 

—  I 

+  5 

+  I 

—  13 

7—  I 

+  2 

4 

3 

+ 

6 

+ 

I 

4 

+  1 

+  2 

—  2 

—  3 

— 2 —  2 

+  5 

+ 

3 

6 

4 

3 

+ 

2 

—  3 

+  I 

+  7 

—  3 

— I —  2 

+  26 

53 

35 

+ 

68 

28 

59 

—  12 

—  21 

+  24 

+  41 

0 —  2 

+  7 

40 

48 

71 

+ 

48 

35 

+  ' 

—  17 

+  32 

+  57 

I —  2 

+  21 

23 

47 

+ 

51 

+ 

47 

29 

—  S 

—  6 

+  30 

+  35 

2 —  2 

—  18 

4 

53 

+ 

24 

16 

87 

+  3 

+  3 

—  30 

+  17 

3—  2 

—  169 

+ 

220 

+ 

347 

285 

94 

103 

+  30 

+  46 

—176 

—  99 

4—  2 

—  103 

+ 

22 

+ 

298 

273 

1007 

+ 

300 

+  IS 

+  I 

-  56 

—  40 

5-  2 

-  65 

+ 

94 

+ 

154 

207 

434 

589 

—  I 

+  I 

+  I 

—  17 

6-  2 

+  122 

97 

135 

+ 

114 

151 

+ 

lOI 

+  9 

+  12 

-  31 

-  35 

7—  2 

+  80 

16 

77 

+ 

17 

81 

14 

+  '7 

+  4 

-  38 

—  10 

8—  2 

24 

9 

+ 

33 

+ 

12 

II 

4 

—  6 

+  3 

+  17 

-  7 

3 

—  15 

10 

+ 

18 

+ 

16 

17 

14 

+  S 

-  5 

—  II 

+  II 

1—  3 

^  4 

14 

+ 

6 

+ 

21 

7 

20 

+  4 

—  4 

-  5 

+  15 

2—  3 

—  4 

0 

0 

+ 

27 

4 

22 

+  2 

0 

—  2 

+  18 

3—  3 

—  104 

+  150 

+ 

40 

29 

13 

+ 

6 

+  44 

+  64 

—  22 

—  12 

4—  3 

—  190 

140 

504 

166 

264 

43 

+  66 

—  54 

—274 

+  89 
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Arg=: 


COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

sin. 

COS. 

sin. 

COS. 

+  121 

+ 

70 

398 

100 

457 

2JO 

,  —  27 

+  27 

+  163 

-  63 

+ 

+  659 

I2I6 

_  _  /-  _ 
1303 

+ 

452 

+  3576 

—144 

+103 

+  376 

—  341 

-  651 

+  1621 

+  1907 

4.OOI 

5497 

+13674 

+  54 

+109 

122 

—  250 

- 

+ 

76 

+ 

433 

1052 

+ 

278 

-  18 

—  7 

+ 

43 

+  19 

—  4 

3 

+ 

4 

0 

I 

I 

—  2 

0 

+ 

2 

—  I 

+  2 

+ 

7 

2 

9 

+ 

2 

I 

0 

—  I 

2 

+  4 

  A 

+ 

3 

+ 

7 

5 

7 

+ 

5 

+  2 

» 

+  2 
1 

4 

—  2 

J 

—  4 

+ 

I 

+ 

6 

2 

9 

+ 

3 

+  2 

+  I 

5 

—  I 

—  3 

+ 

6 

+ 

9 

4 

9 

+ 

2 

+  4 

+  3 

8 

-  3 

—  144 

150 

+ 

26 

25 

8 

2 

+  81 

—  86 

21 

+  13 

+  39 

+  219 

+ 

28 

44 

5 

+ 

22 

—  21 

+  106 

14 

—  26 

+  34 

128 

211 

811 

26 

+ 

320 

—  15 

—  54 

123 

—  449 

—1756 

+1909 

+  1951 

2259 

938 

+ 

929 

+472 

+533 

— 105S 

— 1210 

+1160 

273 

1291 

+ 

279 

+ 

1820 

362 

—240 

-  55 

+  614 

+  133 

+  235 

+ 

60 

4961 

1384 

+22658 

+  6332 

—  27 

+  9 

+ 

30 

—  6 

+5932 

+6184 

—14390 

—14957 

+34894 

+36150 

+  42 

—  62 

102 

+  147 

+  I 

+ 

4 

— 

7 

+ 

2 

+ 

32 

— 

27 

0 

+  I 

+  I 

+ 

2 



X 

3 

+ 

I 

+ 

3 

0 

+  I 

+ 

I 

—  2 

0 

+ 

I 

0 

4 

0 

+ 

4 

0 

+  I 

0 

—  2 

—  5 

3 

4- 

1 

I 

2 

I 

+ 

3 

+  3 

—  4 

I 

—  2 

—  27 

+ 

22 

+ 

9 

6 

2 

+ 

I 

+  17 

+  13 

6 

—  6 

—  12 

+ 

I 

I 

17 

+ 

7 

+ 

10 

+  9 

—  2 

4 

-  17 

+  318 

+  202 

SI 

80 

+ 

39 

+ 

33 

—168 

+106 

+ 

21 

-  63 

+  43 

+ 

64 

231 

341 

+ 

131 

+ 

22s 

—  8 

+  7 

+  141 

—  203 

+  14 

+  179 

+ 

20 

+ 

360 

+ 

3 

+ 

181 

—  5 

+  51 

3 

+  164 

+  1021 

—2039 

1221 

+  2451 

51 

+ 

120 

-^248 

—497 

+  613 

+  1225 

+  6 

7 

+ 

20 

I 

143 

+ 

31 

—  2 

0 

+ 

2 

+  3 

—  II 

34 

+ 

32 

+ 

98 

89 

275 

+  I 

—  2 

3 

+  b 

Q 

5 

2 

+ 

13 

+ 

5 

28 

+  3 

+ 

8 

.  0 

2 

—  2 

+  6 

+ 

I 

—  I 

+  9 

+ 

7 

3 

I 

+ 

3 

2 

—  6 

+  8 

+ 

2 

—  2 

+  19 

20 

18 

+ 

6 

+ 

13 

7 

—  II 

—  12 

+ 

15 

+  3 

+  83 

27 

87 

+ 

34 

73 

23 

-  36 

—  14 

+ 

57 

+  24 

-  107 

37 

78 

+ 

19 

+ 

49 

+ 

10 

+  57 

—  21 

+ 

54 

+  24 

+  18 

+ 

13 

12 

9 

13 

+ 

12 

-  5 

+  4 

+ 

6 

—  3 

—  24 

44 

+ 

29 

+ 

45 

12 

29 

+  7 

—  15 

15 

+  28 

—  6 

+ 

32 

+ 

6 

29 

2 

+ 

6 

+  I 

+  6 

4 

—  10 

+  2 

0 

I 

0 

—  2 

0 

+  2 

I 

2 

+ 

I 

+ 

I 

I 

—  I 

0 

+ 

I 

+  « 

—  I 

5 

+ 

2 

+ 

5 

2 

5 

+  2 

—  3 

I 

+  6 

—  6 

21 

+ 

I 

+ 

28 

2 

26 

+  4 

—  10 

0 

+  2' 

+  5 

IS 

6 

+ 

18 

+ 

7 

17 

—  2 

—  6 

+ 

4 

+  " 

—  5 

+ 

5 

5 

+ 

2 

+ 

5 

5 

+  5 

+  3 

+ 

2 

+  4 

0 

I 

+ 

12 

I 

5 

3 

—  2 

+  I 

8 

—  I 

—  2 

0 

+ 

2 

+ 

I 

I 

c 

+  I 

0 

I 

+  « 

—  8 

I 

+ 

10 

+ 

I 

II 

I 

+  3 

0 

6 

+  ' 

—  5 

3 

+ 

S 

+ 

4 

6 

4 

+  2 

—  I 

4 

+  3 

—  I 

+ 

3 

+ 

I 

3 

I 

+ 

4 

0 

+  I 

I 

—  2 

i'  i 

5-  3 

6-  3 

7-  3 

8-  3 

9-  3 
10—  3 

1—  4 

2—  4 

3—  4 

4—  4 

5—  4 

6 —  4 

7—  4 

8—  4 

9—  4 

10 —  4 

11—  4 

2-  5 

3-  5 

4-  5 

5-  5 

6-  5 

7-  5 

8-  5 

9-  5 

10—  5 

11—  5 

12—  5 

13—  5 

6—  6 

7—  6 

8—  6 

9 —  6 

10-  6 

11-  6 

12-  6 

13-  6 

7- 
8— 

9— 


II— 

12 — 
13— 

10—  8 

11—  8 

12—  8 

12 —  9 
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Arg= 

2 

i" 
rv'x- 
2 

sin. 

COS. 

sin. 

COS. 

COS. 

sin. 

COS. 

sin. 

i'  % 

O  0 

+  17 

—  33 

4-122 

—  12 

I  0 

—1846 

+922 

4-5028 

—2572 

-  45 

-19 

—  47 

—  14 

2  0 

—  169 

+198 

-  89 

+  421 

—  s 

—19 

4-116 

+195 

3  0 

+  I 

—278 

-  15 

-f  535 

-  5 

+  14 

+  I 

-  36 

4  0 

+  17 

—  10 

-  38 

+  24 

—3—  I 

+  I 

—  2 

—  2 

+  4 

0 

+  I 

—2 —  I 

+  63 

-  7 

—  122 

+  28 

+  II 

—  4 

+  16 

+  7 

—  86 

+  69 

—  4 

+  3 

—  13 

—  16 

0 —  I 

—  141 

+  95 

—  77 

+  63 

+  35 

+23 

-  95 

—  70 

I—  I 

-  83 

—549 

+  63 

—  28 

—  10 

+11 

-  48 

4-279 

2—  I 

—  7 

+355 

+  120 

-  525 

+  41 

—47 

+  38 

+  8 

3—  I 

-  84 

—765 

+  10 

+  1798 

-  96 

+36 

—  24 

—  I 

4-  I 

+1223 

—275 

—3002 

+  698 

—  4 

—  2 

—  2 

—  3 

S-  I 

+  18 

—  18 

—  54 

+  48 

+  2 

+  2 

6—  I 

+  I 

—  2 

—  3 

+  9 

0 

+  I 

— I —  2 

+  7 

+  17 

—  16 

—  33 

—  I 

+  2 

0 

—  I 

Q  2 

+  4 

+  9 

—  24 

—  20 

+  6 

—  2 

—  4 

—  2 

I^—  2 

—  8 

-  5 

-  33 

"  13 

+  4 

—  I 

—  II 

+  II 

2—  2 

-  79 

+  17 

+  II 

-  38 

+  I 

-  7 

—  23 

+  2 

3—  2 

+  131 

+  48 

—  2 

—  486 

—  16 

—  I 

+  63 

+  17 

4—  2 

—  122 

+215 

+  351 

—  70 

—  I 

— 21 

—  22 

—  88 

5-  2 

+  3 

+  II 

-  23 

+  21 

0 

—  2 

+  3 

+  4 

6—  2 

+  80 

+  20 

—  19s 

—  35 

—  I 

0 

—  4 

+  2 

7-  2 

+  9 

0 

—  39 

0 

+  3 

0 

8—  2 

+  3 

0 

—  6 

+  2 

—  I 

0 

0  3 

—  4 

+  3 

+  10 

—  8 

^ —  3 

—  I 

+  I 

+  4 

—  II 

+  I 

0 

+  I 

+  2 

2—  3 

—  2 

+  2 

+  I 

—  II 

+  I 

—  I 

0 

+  2 

3—  3 

+  105 

+  157 

—  9 

—  34 

+  17 

-27 

+  63 

-89 

4-  3 

—  227 

-f  16 

+  112 

—  42 

+  8 

+  14 

-105 

—  13 

5-  3 

+  140 

-  57 

+  834 

-  69 

—  6 

—  9 

+  63 

4-  28 

6-3 

— 1060 

+488 

+2429 

-  417. 

0 

+  2 

0 

+  33 

7-  3 

-  375 

—720 

+  861 

4-1668 

—  2 

0 

+  II 

-  15 

8-  3 

+  78 

4-  26 

—  188 

—  62 

—  I 

+  I 

9-  3 

+  3 

+  2 

—  6 

—  6 

1   J 

I —  4 

—  2 

—  I 

+  3 

+  3 

2-  4 

—  I 

—  I 

+  5 

+  I 

+  I 

0 

3-  4 

+  3 

+  6 

+  4 

+  I 

+  I 

—  2 

+  3 

-  5 

4—  4 

—  37 

+  37 

+  8 

—  7 

+  45 

+48 

—  24 

—  23 

5-  4 

—  17 

4-  2 

+  24 

+  15 

—  II 

-49 

—  8 

—  4 

6-  4 

-  175 

—546 

+  112 

4-  167 

—  4 

+25 

-  84 

4-297 

7-  4 

+  112 

—  16 

+  452 

4-  461 

—  29 

+  6 

+  133 

-  65 

8-4 

-  125 

-  58 

— 1000 

—  168 

+  6 

-f  2 

—  4 

—  4 

cos. 


+945 
-255 

—  75 

—  II 

+  I 

—  6 
+  12 
+  33 
+  67 
-46 
—698 
+  95 
+  2 

o 

—  I 
+  6 
+  2 
-173 

—  30 
+  95 

—  45 
+  2 


—  I 

-  7 

-  38 
+  14 
+717 
— 120 
-67 

+  7 

—  I 


—  I 

—  2 

+  14 

4-  22 

+  36 
+  29 
—642 


—426 

-  76 
+  22 
o 


+  ' 

4-  22 
4-  26 

—  3 
—496 
4-261 

+  30 

—  I 

—  I 

+  I 

—  2 

—  6 

—  70 
+234 

—  30 
+  17 
+  5 


—  3 

—  4 

+  58 
+  42 
+  52 
—526 

+  99 

—  2 
o 


o 

+  2 
+  15 
+  6 

—  no 

-  53 
4-164 
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Arg= 

2 

n 

2 

vv'X- 
2 

sin. 

COS. 

siu. 

COS. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 
9—  4 

+2271 

-645 

-5306 

+1480 

—19 

9 

4-198 

+74 

10—  4 

247 

+298 

+  598 

721 

0 

— -, 
—  I 

+  2 

3 

9 

— 16 

11—  4 

4 

3 

+ 

9 

+ 

8 

4 —  5 

+ 

I 

+ 

2 

+  2 

+  3 

5—  5 

— 

II 

5 

+ 

3 

+ 

4 

+10 

—  9 

—  7 

6 

+ 

7 

—  3 

6—  5 

— 

8 

13 

+ 

I 

7 

1  0 

+  8 

+  2 

—  8 

+ 

12 

4 

—  3 

7-  5 

S3 

33 

— 

33 

+ 

28 

—95 

—48 

+32 

+  16 

— 

22 

—14 

8-  5 

+ 

54 

80 

70 

+  127 

+  19 

+29 

+  16 

+  21 

— 

8 

—14 

9-  5 

15 

+2S8 

8 

lOI 

—  I 

+  S 

0 

  0 

—161 

I 

—  9 

10—  5 

34 

61 

IS 

+ 

41 

Q 

  0 

—  13 

21 

< 

+  6 

II —  5 

3 

+ 

4 

+ 

9 

19 

+ 

9 

+  5 

12 —  5 

4 

+  IS 

+ 

8 

35 

I 

—  3 

J3—  5 

I 

1 

0 

+ 

5 

6—  6 

+ 

I 

4 

0 

+ 

I 

—  2 

—  5 

4-  I 

t 

2 

— 

I 

—  2 

7-6 

+ 

I 

3 

— 

2 

I 

—  4 

—  3 

+  2 

3 

— 

I 

—  I 

8—  6 

+ 

II 

+ 

8 

10 

8 

—  7 

+  9 

7 

— 

6 

+  S 

9-  6 

1 

+ 

2! 

12 

43 

IS 

—  9 

+  3 

+  4 

6 

5 

+  2 

10—  6 

^7 

3 



30 

+ 

4 

+38 

+  5 

+  2 

+ 

I 

2 

0 

II —  6 

4 

+ 

4 

— 

7 

+ 

5 

—  S 

5 

2 

+  I 

12 —  6 

0 

6 

+ 

5 

16 

—  I 

+ 

3 

+ 

2 

+  3 

13—  6 

0 

+ 

6 

+ 

2 

+ 

14 

+ 

2 

— 13 

7—  7 

1 

I 

0 

—  I 

0 

I 

0 

8-7 

+ 

I 

0 

0 

I 

—  I 

0 

9~  7 

2 

+ 

4 

+ 

I 

6 

+  2 

+  2 

—  2 

3 

+ 

1 

-f  3 
1  J 

10—  7 

0 

+ 

8 

+ 

2 

15 

+  2 

+  2 

0 

2 

0 

+  2 

II—  7 

+ 

2 

+ 

5 

4 

10 

0 

+  I 

0 

I 

0 

+  I 

12—  7 

+ 

2 

+ 

2 

4 

3 

+  3 

-  3 

13-  7 

3 

0 

+ 

3 

0 

—  I 

0 

+ 

I 

0 

14—  7 

+ 

7 

4 

+ 

3 

0 

+  5 

I 

lo—  8 

2 

0 

+ 

I 

+  I 

0 

—  I 

0 

I 

0 

11—  8 

4 

I 

+ 

6 

I 

+  I 

0 

+ 

I 

0 

12—  8 

2 

4- 

I 

+ 

4 

3 

12 —  9 

0 

I 

+ 

I 

2 

We  are  now  in  possession  of  all  the  quantities  needed  for  the  calculation  of  the 
portions  of  and  S^V  which  are  not  multiplied  by  the  factors  nt^  v!t  or  their  powers. 
Hence,  proposing  to  stop  the  approximation  with  the  terms  of  three  dimensions,  we  avail 
ourselves  of  the  possibility  of  obtaining  a  higher  degree  of  precision  by  computing  the 
terms  of  these  quantities  which  depend  severally  on  the  arguments  y  and  /,  and  applying 
the  resulting  corrections  to  nSz,  nd%  Sv,  nfSjs",  n'S^/,  y\  and  Sy\  This  course  of  pro- 
ceeding is  exactly  similar  to  that  we  employed  with  the  second-order  terms  in  Chapter  IX 
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There  has  been  found 

//  // 
6^  =  —  0.003863s  sin  (—     +  0.0080094  cos  (—  y) 

d^T'=  +  0.100156  sin  y'      —  0*059616  cos  y' 

On  integration  these  equations  give 

//  // 
nd^ss  —  —  o.oo8oo94n/  sin  (—  g)  —  0.003863511/  cos  (—  g) 
n'6h'  =  —  0.05961611'/  sin  g'     —  0.10015611'/  cos  g' 

If  these  corrections  are  applied  to  the  complete  values  of  nSz  and  n'tf^,  obtained 
previously,  we  get 

//  // 
ndz  =  —  i.284368n/  sin  (— ^)  —  1.40032911/  cos  (—  g) 
n'dz*  —  —  6.68i432n'/  sin  ^      —  io.7o8i52»'/  cos  g' 

The  values  used  in  the  computation  of  the  third-order  terms,  however,  were 

//  // 
n(J5;  =  — 1. 28437011/ sin  (—  i;)— 1.4003 24n/ cos (—  g) 

—  o.oi5494n/  sin  (—  2^)  —  0.016877W/  cos  (—  2g) 

—  0.000373W/  sin  (—  3^)  —  0.00040711/  cos  (—  35f) 

—  0.00001 2ni  sin  (—  ^g)  —  o.ooooi3n/  cos  (—  4^) 

r  =  — o.oi55o7n/ 

—  0.64231111/ cos  (—  flf)  +  0.7001 26n/ sin  (—  g) 

—  0.01549011/  cos(—  2^)  +  0.016872W/  sin  (—  zg) 

—  0.00055711/  cos  (—  3^)  +  o.ooo6i2n/  sin  (—  3^) 

//  // 

n'cy^/  =  —  6.681439/1'/  sin  g*  —  10.70817011'/  cos  g' 

—  o.o92997n'/  sin  2^'  —  0.149736^'/  cos  2^' 

—  o.oo2549n'/  sin  3^'  —  o.oo4i89n'/  cos  3^' 

—  0.00009411'/  sin  4^'  —  0.0001 5811'/  cos  4^ 

»^  =  +  0.093349W'/ 

+  3-339074^'/  cos  g'  —  5.352962n'/  sin  g' 

+  o.o9287on'/  cos  2g*  —  o.i49869n'/  sin  2^ 

+  0.00385211'/  cos  Z9'  —  0.006330W'/  sin  3/ 

+  o.oooi9in'/  cos  4fif'  —  0.000319W'/  sin  4^ 

In  order  to  have  the  proper  values  of  nd%  n'<JV,  6y,  and  6v'  the  values  employed 
for  ndz,  ifil8^  v,  and  v'  in  computing  the  second-order  terms  ought  to  be  subtracted 
from  those  just  given.  With  regard  to  ndjs;  and  v  the  values  were  not  quite  the  same 
in  computing  <JT'  as  in  computing  <JT.    Hence,  in  deriving  6^T  we  employ  the  terms 

//  /, 
ndh  =  —  0.00845711/  sin  (—  g)  —  0.004104W/  cos  (—  g) 

—  o  0001 16«/  sin  (—  2g)  —  0.00004671/  cos  (—  2g) 

—  0.00000271/  sin  (  —  3^)  —  o.oooooiw/  cos  (—  zg) 
dy=-^  0.000105W/ 

—  0.00435471/ cos  (—  ^)  +  0.00201671/ sin  (—  g) 

—  0.00011271/  cos(—  2g)  +  0.00004171/  sin  (—  2g) 
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=  —  0.06914m'*  sin  fif'  —  0.115525%'*  cos 

—  0.000416%'*  sin  2</'  —  0.001386%'*  cos  2^' 
+  0.000044%'*  sin  35^'  —  0.000034%'*  cos  35^' 

61^=  +  0.000574^'* 

+  0.032925%'*  cos  ^jf'— 0.056640%'*  sin 
+  0.000289%'*      ^9^ 0.001515%'*  sin  2g' 

—  0,000037%'*  cos  35f'  —  0.000098%'*  sin  3^' 

But  in  deriving  S^T^  we  substitute  for  the  first  two  the  following : 


nd25;  =  — 0.008008%*  sin  (—  ^f)  — 0.003859%*  cos  (—  g) 

—  0.000097%*  sin  (—  25^)  —  0.000047%*  cos  (—  2g) 

—  0.000002%*  sin  (—  35^)  —  0.000001%*  cos  {—  ^g) 

6v=  —0.000097%* 

—  0.004004%*  cos  (—  g)  +  0.001930%*  sin  (—  g) 

—  0.000097%*  cos  (—  2g)  +  0.000047%*      {—  ^9) 

—  0.000003%*  cos  (—  ^g)  +  0.000002%*  sin  (—  ^g) 

The  remaining  terms  of  these  quantities  are  the  same  as  those  given  at  pages 
290-294,  335-339.  In  computing  it  is  convenient  to  have  n  always  accompany  * 
as  a  factor,  and  with  ST'  to  have  n!  accompany  the  same  variable.    Hence,  we  take 

occasion  to  make  some  multiplications  by  ^,  ^  or  the  reciprocals  of  these  factors. 

The  following  tables  contain  the  portions  of  the  ten  factors  which  are  multiplied 
by  nt  or  n't.    The  coefficients  are  expressed  in  units  of  the  eleventh  decimal : 


Arg= 

{ndz)  in' 

{n'8zyx^^ 

1" 

{n8z)vX- 

{n'8z')vx^' 

nt  COS. 

nt  sin. 

nt  COS. 

nt  sin. 

n't  COS. 

nH  sin. 

nt  sin. 

nt  COS. 

nt  sin. 

nt  COS. 

i'  i 
0  0 

—186 

+421 

—2572 

—  6 

0 —  I 

-  25 

+  45 

—193 

+  33 

+  129 

+  144 

+10 

+  60 

+  4 

0 —  2 

—  3 

—  I 

—  II 

—  14 

+  36 

—  6 

—  4 

+  I 

+  6 

—  8 

1+  2 

—  2 

+  3 

+  6 

—  2 

—  14 

+  2 

+  3 

+  I 

+  7 

+  36 

—  10 

—  18 

—  10 

-  67 

—  4 

-13 

—  2 

+  7 

I  0 

—164 

+  96 

+176 

-  98 

-1897 

+1367 

—  62 

—  8 

+  6 

-  7 

I  —  I 

—  30 

+  10 

— 200 

-316 

+3402 

+S127 

+  29 

-  51 

I —  2 

— 107 

—143 

—  92 

—562 

+  67 

+  468 

+  43 

—13 

+  52 

-.318 

I-  3 

—  S 

—  3 

+  I 

—  6- 

—  2 

—  8 

2.f  I 

—  6 

+  32 

+  10 

—  10 

+  I 

+  34 

—  I 

— u 

+  I 

+  4 

2  0 

—249 

—188 

+339 

+344 

—  2 

+  48 

-  38 

+33 

+175 

—171 

2—  I 

—144 

—407 

-171 

—159 

+  38 

+  481 

—  82 

—13 

+  75 

—  62 

2—  2 

4-178 

— 210 

—401 

+583 

+  69 

+  316 

-63 

—39 

+197 

+273 

2-  3 

+398 

—181 

-  85 

+  18 

+  99 

+  9 

—211 

+95 

+  55 

+  II 

2—  4 

+  II 

-  S 

—  9 

+  3 

368 
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Arg= 
i'g'+i9 

(n5ar)2xi" 

{ndz)vx^ 

{n'Sz')vx^' 

nt  cos. 

nt  sin. 

n-<  cos. 

nt  sin. 

n't  COS. 

n't  sin. 

nt  sin. 

nt  COS, 

nt  sin. 

nt  cos. 

3+  I  . 
3  o 
3-  I 
3-  2 
3-  3 
3-  4 

+  lo 
+  241 
+  60 

—  40 

—  183 

—  12 

—  6 
+  29 
+  232 

—  30 

-  17 

-  35 

—  7 

—  293 

—  78 

+  442 

—  18 

—  2 

+  2 
+  I 

—  43" 

—  293 
+  3 
+  '7 

+  167 
—  1274 

-f-  OOO5 
+  52 

+  8 

+  30 
+  6239 

  0240 

+  22 
—  27 

—  60 

—  21 

—  30 
+  85 
+  7 

+  2 

—  7 

—  I 

0 

+  2 

—  5 

—  154 

—  52 

—  240 
+  20 
+  2 

0 

+  I 

—  40 

—  177 

—  22 

+  12 

4  o 
4 —  I 

4 —  2 

4-  3 
4—  4 
4-  5 

0 

—  48 

—  34 

—  28 

+  9 

—  8 

+  2 
+  104 

—  IS 

—  12 

—  32 

0 

+  13 

+  564 
-3786 

+  834 

+  4 
+  5 

-  7 

—  700 

+  S90 
+  829 

+  18 

+  2 

—  3 

-  456 
+42475 
+  60 

+  14 

+  18 
+  170 

—  6746 
+  120 

—  12 

—  2 

—  21 
+  8 

—  5 
+  5 

—  16 

0 

+  I 
+  .  3 
+  I 

+  10 
+  266 
+  70 

—  411 

—  0 

+  7 
+  325 
+  18 
+  406 
+ 

S  o 
5—  I 

5 —  2 

5-  3 
S—  4 
S-  5 
S—  6 

—  33 
—2541 
+  238 

—  917 

—  274 

—  12 

—  I 

+  " 
+  902 
+  280 

—2449 
+  221 

+  3 
+  3 

+  37 
+  880 

—  71 

—  832 

0 

—  13 

—  1084 

—  21 
+  2920 
+  41 

+  45 
+  9414 
+  62 

+  39 

-  79 
+  4247 
+  31 

—  7 

-  15 
—623 
+108 
+278 
+134 
+  8 

—  5 
— 227 

—  21 
—626 

—  14 
0 

+  37 
+  1537 
+  33 

—  680 

—  4 

—  3 

+  13 

+  545 
+  44 
+1454 
+  37 
+  3 

6-  2 

6-3 
6 —  4 

6-S 

+  9 
—  61 

+  5 
0 

+  16 
+  64 
+  3 
—  5 

—2077 

-  174 
+  27 

—2971 
+  312 
+  19 

+25050 

-  485 

—  19 

+35598 
+  76 
+  4 

+  7 

—  II 

—  16 

+  113 

—  12 

+  30 
+  170 
+  12 

7-  2 
7-  3 
7-  4 
7-  5 

+  2 

—  144 

—  123 

—  12 

+  10 

—  60 

—  149 
+  5 

—  33 
+  416 
+  145 

-  SO 
+  185 
+  ^58 

+  367 

—  3095 

—  167 

+  469 

—  1229 

—  188 

+  13 
+  35 
+  7 

+  6 
+  50 
+  I 

—  3 

—  18 

—  77 

+  5 
+  IS 
+  84 

8—  2 

8-3 
8—  4 

8-5 

+  2 

—  10 
+  12 

—  3 

—  3 

—  21 
4-  121 

—  2 

+  14 
-  5 

+  29 

+  58 

—  "3 

-  15 

+  12 

—  91 
+  9 

—  43 

+  II 

—  447 
+  404 
+  20 

—  3 

—  13 

+  5 
—  17 

-  56 

—  9 

9^-  3 
9-  4 
9-  5 
9-6 

+  I 

—  9 

—  18 
+  2 

0 

+  22 
—  3 
+  7 

+  257 
-  48 

-  595 
+  2 

+  2 

—  2850 

-  47 

—  18 

+  6635 

—  6 

+  6 

—  I 

—  3 
+  22 

-  S 

+  « 

lo—  3 
lo—  4 
lo —  5 
lo—  6 

0 

—1065 
+  264 
+  4 

—  «3 
+  762 
+  16S 

—  19 

—  I 
+2535 

-  315 

+  15 
-1834 
-  195 

— 15188 
—  41 

+11120 
-  27 

—  12 

-  50 

0 

—  7 

+  I 

+  20 

+  155 

+  3 

-  7 
+  10 

-  97 

-  6 

II—  4 
II-  5 

f  47 

-  3 

—  10 
+  10 

—  566 

—  20 

+  132 
—  6 

+  4 

-  5 

12-  s 

+  30 

+  43 
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Arg= 

ntsin. 

ntoos. 

n't  fiiii. 

n't  COS. 

tticos. 

nisin. 

i'  % 

0  0 

+  69 

—  360 

—  2 

0 —  I 

+  103 

+  38 

+  "87 

+  554 

0 —  2 

+  7 

—  8 

—  2 

+  16 

—  I 

+  I 

1+  2 

  0 

—  I 

0 

+  I 

1+  I 

—  b 

—  3 

—  38 

+  20 

—  2 

—  3 

I  0 

+  243 

  420 

—  358 

—  24 

+  15 

I —  I 

+  92 

—  140 

  I23I 

+  2069 

—  4 

+  3 
I  0 

I —  2 

+  166 

—  443 

-  55 

+  345 

+  17 

+  23 

I—  3 

+  4 

-  8 

+  2 

+  I 

2+  I 

—  89 

+  I 

—  24 

+  I 

—  3 

2  0 

—  87 

+  98 

—  49 

—  13 

—  14 

—  19 

2 —  I 

—  7 

+  13 

+  934 

—  905 

—  45 

—115 

2 —  2 

+  145 

+  202 

—  45 

+  156 

—  20 

+  9 

2—  3 

+  56 

+  15 

-  76 

+  6 

— Ill 

+  51 

2—  4 

—  6 

+  2 

3+  I 

—  2 

+  I 

3  0 

—  33 

—     1 1 

+  73 

—  II 

—  2 

+  4 

3—  I 

+  42 

+  193 

+  13 

—  707 

—  6 

+  34 

3—  2 

+  281 

+  187 

—  4II4 

—3169 

—  9 

+  I 

3—  3 

+  41 

+  I 

-  45 

+  27 

+  39 

+  4 

3—  4 

0 

+  12 

6 

—  22 

+  4 

+  13 

4  0 

—  I 

—  8 

—  I 

+  9 

4—  I 

—  252 

—  363 

—  7 

+  481 

—  3 

+  3 

4—  2 

+  1673 

+  278 

— 10889 

— 2104 

—  8 

—  4 

4-  3 

—  2C 

—  *J 

"T  2 

4—  4 

—  I 

+  14 

—  10 

—  12 

—  3 

+  10 

4—  5 

—  4 

+  I 

+  3 

+  I 

5 —  I 

—  22 

—  61 

+  12 

0 

5—  2 

—  3 

+  58 

-  53 

—  317 

+  56 

+  69 

5-  3 

—  07 

+  33 

—  30 

—  66 

0 

—  9 

5—  4 

—  14. 

+  66 

  5i 

5-  5 

6 

5 —  6 

—  I 

6-  2 

—  1035 

+1476 

+  586' 

-8835 

6-3 

—  92 

—  121 

-  178 

—  419 

6-4 

—  30 

+  13 

+  II 

—  15 

' —  I 

+  I 

6-5 

6-  6 

0 

—  I 

7-  2 

—  29 

+  39 

+  182 

—  237 

7-  3 

—  70 

+  26 

+  341 

—  186 

+  2 

0 

7—  4 

—  3 

—  10 

+  85 

—  100 

0 

—  I 

7-  5 

-  3 

—  3 

+  3 

—  7 

I" 

V  « 

I" 

nt  COS. 

nt  sin. 

n't  COS. 

n't  sin. 

+  I 

—  43 

33 

.  —  14 

+1226 

-516 

+  3 

+  4 

+  13 

-  19 

0 

—  0 

+  53 

+  37 

-  87 

+  58 

+  12 

-  35 

+  6 

+  23 

-  425 

—  146 

+  87 

+239 

-  36 

—  228 

+  3 

+  7 

r  - 
+  I 

+  3 

+  4 

+  37 

+  52 

+  81 

—  4 

—  21 

  13 

-  934 

—  829 

+  70 

—  92 

—  62 

—  114 

+  34 

—  8 

-  52 

—  4 

+  8 

—  5 

+  13 

+  I 

+  16 

—  13 

-  567 

-  52 

+  135 

—  95 

— 2121 

+1701 

+  24 

H-  I 

-  33 

-  15 

+  2 

—  8 

-  5 

+  15 

+  I 

—  5 

+  4 

+  2 

+  117 

—142 

+  57 

+  28 

—  59 

-  3 

-  335 

+  483 

—217 

—233 

+  6 

+  30 

—  2 

—  II 

-  6 

+  9 

—  4 

—  I 

1  ij 

+  " 

—  28 

+  8 

+  3 

—  5 

—  3 

+2243 

+1036 

-  32 

—  20 

-  25 

+  109 

  2 

  2 

+  " 

—  I 

—  2 

—  2 

4-  2 

4-  A 

4 

+  7 

+  "4 

4-  62 

—  71 

+  96 

—  C 

J 

—  19 

-  5 

+  25 

+  10 

+  I 

-  3 

+  10 

+  5 

—  2 

+  3 

—  18 

—  20 

+  4 

+  12 

4-  20 

+  II 

—  2 

+  3 

+  3 

—  6 

25  AST  24 
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Arg= 

nt  sin. 

COS. 

n't  sin. 

n'f  COS. 

COS. 

71*  sin. 

n*  COS. 

nt  sin. 

n't  COS. 

n't  sin. 

8-  2 

+  8 

—  8 

8-3 

+  5 

—  16 

-  25 

H-  78 

—  I 

—  I 

—  I 

-  »5 

8-4 

—  o 

H-  ^2 

—  3 

+  244 

-r  ^ 

+  2 

—  20 

— 170 

8-  s 

—  lO 

—  6 

-J-  20 

+  12 

—  7 

4-  2 
I 

—  1 

9-  3 

—  4 

1  Q 

9—  4 

—117 

—270 

+680 

+  I593I 

+  2 

—  3 

—  32 

+  24 

9-  5 

+  33 

0 

-f-  22 

—  2 

+  19 

—  I 

+  3 

0 

9 —  6 

—  I 

+  6 

10 —  4 

+  26 

—  9 

—161 

+  60 

—  2 

0 

—  33t 

+  3S 

10—  5 

—  4 

+  4 

+  14 

—  9 

—  I 

—  2 

10 —  6 

+  2 

+  6 

—  I 

+  6 

II—  4 

+  24 

+  3 

—144 

—  33t 

+  5 

+  a 

n-  5 

—  4 

+  6 

+  4 

-  8 

—  I 

-  3 

12-  5 

-  5 

+  6 

In  like  manner  the  portions  of  the  ten  factors  multiplied  by  nH^  or  n'H^  follow ; 
the  coefficients  are  expressed  in  units  of  the  thirteenth  decimal  when  multiplied  by 
nH\  but  in  units  of  the  twelfth  decimal  when  multiplied  by  n'H^ : 


Arg= 


o 


o 


O—  I 

O —  2 

0-  3 

1+  2 
^+  i 

1  o 

1—  I 

1—  2 

2+  I 

2  O 

2—  I 

2—  2 

3  o 

3-  3t 
3-  2 
3-  3 


n^i^  COS. 


+261 

+  1 
+  18 
+  I 


—  I 


+ 
+ 
+ 

+ 
+ 


nH'^  sin. 


—  9 
+211 

+  6 


—  I 


+ 


{nSzXn'Sz')X^' 


nH^  COS.     n^i*  sin 


-  59 
+  4 


+258 

+  92 

—  II 

—  12 
+  16 


+  6 
+  8 
—  II 


+  n 


-  52 

+275 
+  6 

+  4 
+  12 


+  7 
+  12 
+  12 


n'«f«  COS. 


4-MI2 


+  71 
O 


+  4^2 

-  5 
+  n 

—  31 
+  28 


gin. 


+  24 

+ 17 


+840 

—  I 

+  24 

—  16 
+  80 


{%Bz)vx~ 


nH^  sin. 


+  3 
—  10 


+  I 

—  I 

—  I 


—  I 


nH^  COS. 


+  I 
+106 


+  2 
—  I 
o 


+ 


—  I 


{n'Sz^)vX' 


nH^  sin. 


n^P'  COS. 


—  2 

+  6 

+  6 

+  « 

+279 

+  S2 

+  5 

+  8 

-  76 

4-27S 

+  I 

+  8 

+  3 

0 

—  3 

—  6 

—  I 

+  3 

+  4 

+  3 

FACTORS  OF  THE  THIRD  ORDER  TERMS. 


Arg= 

(ndzXn'dz')X-'' 

(«'««')'xi" 

1" 

4)2/3  /in  a 

11  ft  \j\Ja  t 

11     I  \j\JO* 

7(  f*  COS* 

71* t*  Dili. 

71*1*  COS. 

t  % 

4—  I 

  I 

  I 

+  6 

+  3 

-  3 

—  7^ 

+  14 

-  13 

4—  2 

+  I 

—  I 

+  18 

-  73 

—  12 

+690 

4—  3 

+  I 

  I 

+  3 

—  6 

+  20 

+  IS 

5  o 

—  2 

—  4 

  I 

+  I 

+  2 

—  3 

5-  I 

-  55 

—220 

+  42 

+143 

—  14 

+SS 

+  34 

—131 

5-  2 

4-  Id 

  7 

-4-1 30 

  c 

0 

^_  1 

5-  3 

+  173 

-  54 

—  88 

+  32 

—44 

— >3 

-f  lOI 

+  33 

5 —  4 

—  9 

—  13 

+  I 

+  S 

6—  2 

+  187 

-98 

—815 

+425 

6-  3 

—  20 

—  IS 

+  12 

—  9 

7—  2 

+  8 

—  I 

—  32 

+  7 

7—  3 

o 

—  3 

—  2 

—  13 

8-  4 

—  3 

0 

+  8 

+  4 

9—  4 

—  I 

0 

—  39 

-  25 

lO —  A 

—  23 

—  44 

+  27 

+  52 

—  82 

-153 

lo—  5 

—  6 

+  7 

+  4 

—  S 

+  I 

+  2 

—  4 

-  S 

Arg= 

1" 

.  I" 

.  I" 
vv'x- 

I" 

^/3X- 

nH'^  sin. 

n^^a  COS. 

CO8. 

n^P  coa. 

n^P'  siD. 

n^P  COS. 

n^t'  sin. 

W'^t*  COS. 

sin. 

i'  < 
0  o 

—  I 

+53 

+234 

O—  I 

—  8 

+  2 

—  2 

+  3 

+  4 

—  3 

—  3 

+  3 

—  2 

—  2 

O —  2 

+  2 

+  I 

-  5 

-53 

o  3 

0 

—  2 

1+  2 

—  3 

0 

1+  I 

+279 

+  52 

— 140 

+  26 

I  O 

-  5 

+  4 

+  II 

—  '9 

-  3 

+  4 

+  17 

—  12 

I—  I 

+  84 

-^271 

0 

+  3 

+  38 

+  136 

0 

—  3 

1   2 

+  21 

+  2 

+  3 

+  4 

2+  I 

+  8 

+  2 

—  3 

0 

2  0 

0 

+  4 

+206 

— 420 

—  I 

—  I 

—  102 

—210 

2—  I 

+  II 

—  3 

-  3 

—  3 

.+  I 

—  I 

+  I 

+  4 

+  2 

—  2 

2—  2 

—  4 

+  I 

+  4 

+  I 

+  3 

+  2 

+  I 

0 

2—  3 

+  I 

+  I 

3  o 

+  8 

—  18 

—  6 

—  12 

3—  I 

+ 13 

—  8 

—  2 

+  6 

—  I 

—  I 

-  5 

—  2 

3—  2 

+  4 

—  u 

-  19 

+  41 

+  I 

+  2 

—  10 

-  18 

3-  3 

—  I 

+  I 
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/  I" 

T^^^'X- 

I" 

r'2X- 

ft  t   HI  lit 

7t  t  sin. 

71*1*  COS. 

Ai3/3  afn 
71  t  olUt 

11  (1  HlUt 

/m'3/2  Clin 

71  'I**  Bin. 

i'  i 

A.  O 

—  1 

4—  I 

—  13 

+  10 

—  2 

+  4 

+6 

+7 

+ 1 

4—  2 

—  26 

—  16 

+  I 

+164 

0 

—2 

0 

+  8 

4-  3 

+  9 

+  8 

+9 

— 6 

5—  I 

5-  2 

4-  II 

-  5 

-U  ic 

  8 

^—  2 

— 4 

i^3 

—  I 

-3 

—  10 

-L-JT 

■r3i 

5-  3 

—  6 

—  2 

—3 

+  1 

5-  4 

— 2 

+3 

6—  1 

+1 

0 

O —  2 

+222 

+ii8 

.  — 209 

—108 

0 

+  1 

+  7 

—  I 

6—  ^ 

—  23 

+  19 

—6 

—5 

7—  2 

+  13 

+  4 

—  14 

—  2 

+  3 

0 

7-  3 

—  2 

+  2 

0 

—  I 

8-4 

+  2 

0 

9—  4 

—  7 

+  4 

+  10 

—  6 

10 —  4 

+  I 

—  2 

—  2 

+  4 

5 

II-  4 

0 

+  I 

CHAPTER  XVIL 

CALCULATION  OP  THE  SEVERAL  PORTIONS  OP 


The  fourteen  parts  of  the  portion  of  ^^T  not  factored  by  nt  or  nH^  are  as  follows: 


An5«xf 

B5y 

Fn' 

5V 

Arg= 

sin. 

sin. 

SID. 

sin. 

COS. 

COS. 

COS. 

COS. 

H     \  % 

// 

// 

// 

// 

It 

// 

// 

0      O  0 

— 0, 0000551 

— 0. 0000I2S 

— 0.  OOOI 186 

— 0. 0000415 

I  0 —  I 

— 0.0006 

— 0. 0000791 

4-0. 0000109 

—  10  0 

-f-o.  QUI  J44^ 

-\-o.  0003055 

— 0,  0027567 

4-0.0076775 

 0  OOOIfSC 

-t-o  ooi'}o6S 

0  O —  I 

_|_Q,  0007 

 0  OOffi 

4-0.  0028 

— 0. 0069 

•4-0  0002 

 0. 0015 

I  O —  2 

— 0.  000056 

4-0. 002351 

~X~Ci  OOOj4QO 

—  I  0 —  I 

006 

— 0.  005 

— 0. 026 

— 0. 020 

— 0.  004 

— 0.  002 

0  O —  2 

-|-o.  008 

,„|.Q^  006 

4-0. 028 

4-0.  021 

4~o.  004 

•i-O  009 

I      o-  3 

— 0. 008 

—0.004 

—  I       1+  2 

+0.  002 

+0. 003 

0       1+  I 

— 0. 007 

— 0. 006 

— 0. 025 

— 0. 021 

— 0. 003 

— 0. 004 

lie 

4-0.  0051 

+0. 0048 

4-0.  0003 

4-0.0005 

-f-o.  0226 

4-0. 0040 

4-0. 005 1 

-I    1+  I 

— 0. 0005 

+0. 0001 

— 0. 0020 

4-0.  OOOI 

— 0. 0003 

—O.OOOI 

0      I  o 

-I-O.OOI2 

— 0, 0006 

4-0.  0002 

0.0000 

4-0.0054 

—0.0033 

4-0. 0014 

— 0.0004 

I      I —  I 

— 0.  0008 

+0. 0002 

— 0.  0002 

0.  0000 

— 0. 0062 

4-0. 0033 

— 0.0014 

4-0.0002 

—  I       I  o 

0.  0000 

+0. 0002 

4-0. 0003 

4-0.0016 

4-0,0001 

4-0.  0008 

0,0000 

— 0.0003 

—0.0004 

—0.0013 

— 0. 0002 

— 0.  0003 

— 0.0019 

— 0. 0003 

— 0.0091 

—0.0016 

— 0,0016 

-{-O.OOOI 

O       I —  2 

+0.  002 

0.000 

4-0. 01 1 

4-0.  OOI 

4-0. 001 

0.000 

I     I-  3 

— 0. 002 

0.000 

—I       I —  2 

+0.003 

— 0, 007 

4-0. 012 

— 0. 030 

0  1-3 

—0.004 

+0. 009 

—0.012 

4-0. 028 

I      I—  4 

4-0. 003 

— 0. 007 

—I       2-f  2 

4-0. 020 

4-0. 00s 

0      2+  I 

— 0. 069 

— 0. 017 

I       2  0 

4-0. 0728 

4-0. 0164 

-I       2+  I 

— 0. 0019 

+0. 0020 

— 0. 0055 

4-0. 0060 

— 0. 0008 

4-0. 0010 

O       2  O 

+  0. 0042 

— 0. 0065 

4-0.  0006 

— 0.  0005 

4-0. 0149 

— 0. 0248 

4-0.0033 

— 0. 0045 

I       2—  I 

— 0. 0027 

+0. 0038 

— 0.  0006 

4-0.  0005 

—0.0163 

4-0. 0262 

— 0. 0038 

4-0.0053 

—  I       2  O 

+0. 0002 

— 0, 0003 

4-0. 0010 

— 0. 0006 

0.0000 

— 0. 0003 

0      2 —  I 

+0. 00026 

+0. 00056 

4-0.00016 

4-0.  00027 

— 0. 00024 

4-0.00185 

4-0. 00006 

4-0. 00051 

I       2—  2 

— 0. 0001 

— 0.  OOOI 

— O.OOOI 

— 0.  0002 

0.0000 

— 0. 0026 

0.0000 

— 0. 0006 

—  I       2—  I 

—0. 0003 

4-0.0001 

—0. 0020 

4-0. 0005 

— 0.0012 

4-0. 0004 

0       2—  2 

4-0. 0024 

— 0.0010 

4-0.0010 

— 0. 0004 
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B6y 

GSy' 

Arg= 

sin. 

sin. 

sin. 

Bin. 

COS. 

"cos. 

COS. 

C03. 

H 

i'  i 

// 

;/ 

// 

// 

// 

// 

// 

// 

— I 

2 —  2 

o.  ooo 

— 0. 002 

— 0. 002 

— 0.  010 

o 

2—  3 

0.000 

+0. 008 

— I 

2—  3 

-|-o.  oo6 

+0.  002 

+0. 021 

+0. 005 

o 

2—  4 

oo8 

— 0. 002 

 0.  020 

— 0.  005 

o 

3+  I 

+0. 002 

— 0. 003 

I 

3  0 

+0. 002 

+0.001 

—I 

3+  I 

O.  CXX) 

+0.013 

0.000 

+0. 019 

o 

3  o 

— O.  CXXJl 

— 0. 0306 

+0.0008 

— 0. 0705 

I 

3—  I 

+0.  CXXJI 

+0. 0163 

— 0.0013 

+0.0744 

+0. 0002 

— 0.  0007 

3  0 

o.  oooo 

— 0.0016 

— 0.  0002 

— O.OOOI 

+0.0013 

— 0. 0026 

+0.0006 

+0.0003 

o 

3—  I 

+0.00193 

+0. 00206 

+0. 00086 

+0. 00063 

+0. 00235 

+0. 00528 

+0.  00153 

+0.  00054 

I 

3-  2 

— 0.  ooog 

— 0. 0006 

— 0. 0005 

—0.0004 

—0.0043 

— 0. 0066 

— 0. 0026 

— 0.  oon 

—I 

3-  I 

0.0000 

+0. 0002 

— 0.  0004 

+0. 0009 

0. 0000 

+0. 0001 

o 

3-  2 

I 

3—  3 

—I 

3-  2 

 0. 0017 

— 0. 0024 

o 

3—  3 

—I 

3—  3 

+0. 008 

 002 

o 

3—  4 

™o.  008 

_|.  002 

—I 

3—  4 

0. 000 

+0.  016 

0 

3-  5 

0. 000 

— 0.  016 

I 

4—  I 

— 0. 0022 

— 0. 0024 

— 0. 0007 

— 0.0001 

— I 

4  o 

+0. 0022 

— 0. 0004 

+0. 0026 

— 0. 0005 

o 

4—  I 

+0. 0023 

— 0.0005 

+0. 0051 

— 0. 0008 

+0. 0006 

— 0. 0002 

I 

4—  2 

— 0. 0092 

+0. 0017 

— 0. 0003 

— 0. 0001 

— I 

4—  I 

-^0. 001 1 

0005 

+0. 0018 

o 

4—  2 

-i-n  nnni 

 0.  0008 

 0. 0001 

 0. 0001 

_Lo  0002 

+©.  0001 

+0. 0004 

I 

4—  3 

0. 0000 

+0.  0005 

001 2 

+0. 0019 

—I 

4—  2 

— 0.  0013 

 0.  0009 

i_n  nnoA 

+0. 0004 

0 

4—  3 

0.  000 

+0.  001 

— I 

4—  3 

+0.  002 

 002 

— I 

4—  4 

+0. 006 

—I 

4-  S 

01 2 

-|-0. 002 

0 

S—  I 

— 0.  0008 

+0.  0025 

0.0000 

+0. 0007 

I 

5—  2 

-|-o.  000485 

— 0. 000695 

+0. 000241 

— 0. 000215 

+0. 000877 

— 0.  002763 

+0. 000039 

—0. 000867 

—I 

S-  I 

+0.001427 

+0. 003366 

— 0.  00021 1 

— 0. 000510 

— 0, 000005 

— 0.000172 

—0, 000241 

—0. 000659 

o 

S—  2 

+0. 0006399 

+0. 0015326 

+0.  0004766 

+0.001 1 38 1 

— 0. 0000225 

+0.  0002158 

+0. 0004096 

+0.0009613 

I 

S-  3 

+0. 001489 

+0. 00331 1 

— 0. 000269 

—0. 000639 

+0. 000108 

+0.  000036 

— 0. 000207 

—0. 000504 

— I 

5-  2 

—0.001379 

—0. 000076 

— 0. 000648 

— 0. 000031 

— 0. 002065 

—0.  000908 

—0. 002835 

—0. 000527 

0 

S-  3 

+0.0019 

+O.OOOI 

+0. 0029 

+0. 0007 

+0. 0025 

+0. 0005 

I 

S-  4 

— 0. 0008 

— 0. 0001 

—0. 0010 

— 0. 0002 

+0. 0006 

+0.0001 

5-  3 

o 

5-  4 

f 

I 

5-  S 

5-  4 

o 

5-  5 
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An5% 

Fw'5V 

Arg= 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

K 

i'  i 

// 

It 

// 

il 

// 

// 

// 

// 

6—  2 

—  I 

6-  I 

-f  0. 0003 

^— 0, 0010 

— oooo 

0 

6—  2 

^— o.  0004 

 Q  Q002 

— 0, 0007 

^— 0.  0004 

— 0. 0001 

-f  0. 0001 

I 

6—  3 

-^0.  0008 

—(-0,  0000 

-fOt  0006 

0.  0000 

6—  2 

-f  0. 0002 

—0.0002 

+0. 0004 

— 0,0002 

+0. 0076 

—0. 0058 

+0. 0002 

+0.0004 

o 

6—  3 

— 0.002 1 

-f  0.0018 

— 0.0004 

+0. 0003 

— 0. 0035 

+0. 0032 

— 0.0002 

— 0.0001 

I 

6-  4 

—0.0018 

+0.0014 

— 0. 0022 

+0. 0015 

—I 

6-  3 

— 0.0006 

—0.0013 

+0. 0005 

+0. 0038 

—0.0009 

— 0. 0074 

0 

6-4 

—0.003 

— 0. 004 

+0.001 

+0.006 

1 

6-  4 

0 

6-  5 

 1 

6-  5 

o 

6—  6 

I 

7—  3 

-f  0.  00085 

+0. 0001 1 

—1 

7—  2 

-l-o.  00004 

— 0. 00022 

+0. 00004 

— 0.00014 

— 0. 00212 

— 0. 00685 

+0. 00005 

— 0.00016 

0 

7  -  3 

-fo.  00048 

+0. 001 15 

— 0.00004 

+0. 00010 

+0. 00270 

+0. 00489 

0.00000 

+0. 00026 

I 

7—  4 

—0.0012 

—0. 0005 

— 0. 0030 

— 0. 0010 

— 0. 0001 

+0. 0003 

—I 

7—  3 

-f-0.0119 

+0. 0109 

+0.  0002 

+0.0001 

+0.0549 

+0, 0528 

— 0. 0002 

— 0.0003 

0 

7—  4 

— 0. 0223 

— 0.  02 1 1 

—0.0513 

—0.0497 

+0. 0002 

0.0000 

I 

7—  5 

-1-0. 010 

+0. 009 

+0. 014 

+0.013 

—I 

7—  4 

— 0. 003 

+0.001 

+0.005 

— 0. 002 

0 

7—  5 

— 0. 002 

— 0. 002 

+0. 002 

— 0.004 

— 0. 005 

+0. 002 

—I 

8—  2 

0.  0000 

4-0. 0004. 

 0013 

—0.  0014 

0 

3 

-1-0. 00017 

— 0. 00071 

— 0. 00003 

 0. 00046 

-Uo  nofyifi 

J-o  000  tfi 

 0. 00004 

 0  OOO'ZA 

8-4 

— 0. 0002 

+0. 0005 

— O.OOI2 

+0. 0006 

+0.0001 

+  0.0006 

 I 

8-  3 

+0.0036 

+0. 0008 

+0.0001 

0.0000 

+0. 0236 

+0.0059 

+0.0004 

— 0. 0003 

0 

8-  4 

— 0. 0063 

— 0.0016 

— 0. 0219 

— 0, 0061 

I 

8-  S 

-|-o.  0027 

0.0000 

+0. 0064 

0.0000 

 I 

8-4 

— 0. 01 13 

+0. 0186 

— 0.0406 

+0. 0649 

+0.0003 

— 0. 0005 

0 

8-  s 

-|-o.  016 

— 0. 027 

+0. 040 

— 0. 063 

I 

8-  6 

— 0. 006 

+0. 01 0 

— o.on 

+0.017 

—I 

8-  S 

— 0.001 

— 0. 001 

+0. 002 

+0.004 

0 

8-  6 

0.000 

—0.004 

+0. 003 

— 0. 001 

—I 

9-  3 

_j_o.  0005 

— 0.  0002 

+0.  0049 

— 0. 0013 

— |-U.  OCXjO 

—0. 0002 

0 

9—  4 

— 0. 00432 

+0. 00099 

-|-o.  00010 

— 0,  00003 

I 

9-  5 

-fo.  0003 

— 0. 0003 

+0.  OOIO 

— 0.0010 

—0.0006 

+0. 0002 

—I 

9-  4 

— 0. 0003 

+0.  0065 

—0. 0030 

+0.0291 

+0.0006 

+0.0006 

0 

9-  5 

-[-0.001 

— 0.  010 

+0.004 

— 0. 027 

9 —  6 

0.000 

+0.  003 

+0.001 

+0.009 

—I 

9-  5 

—0. 019 

— 0. 007 

—0. 061 

—0. 023 

0 

9 —  6 

+0. 025 

+0. 008 

+0.056 

+0. 020 

9-  7 

— 0. 010 

— 0. 003 

—0.017 

— 0. 006 

—1 

9—  6 

— 0. 002 

+0.001 

— 0. 002 

0. 000 

0 

9—  7 

-fo.  003 

0.000 

+0. 003 

+0. 002 
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Hy-{-i  g'+ig 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

H     V  i 

// 

tt 

// 

// 

// 

// 

—I    lo—  3 

*^— U.  iXXJ^Z 

 \J*  uuou^ 

-f-U.  VAAAJl 

o  10 —  4 

 o  onr*TT>ifi 

_l_o  0000087 

— 0.0000091 

-j-O.  0000053 

 D  OOOC780 

-i_o  oooaS'ts 

— 0  OOOOIA7 

_1_0  00002A7 

1    10—  5 

_i_o  OOOOI 

 0  00006 

_Lo  00007 

—0.  00025 

_1_0.  OOOOA 

 0. 00006 

—1    lo—  4 

-|-o.  00055 

-j-O.  00124 

-\-o.  00248 

-j-O.  00618 

-|-o.  00034 

-|-o.  00052 

o   lo—  5 

— 0. 0008 

— 0. 0016 

— 0. 0029 

— 0. 0062 

1         JQ  ,  5 

-j-O.  002 

-j-O.  002 

—1    lo—  5 

008 

-|-o.  001 

-j-O.  002 

o   lo—  6 

-j-O.  010 

 0.  002 

-|-o.  029 

—0.  004 

1    lo—  7 

 0, 004 

_j_o.  002 

 0. 008 

-j-O.  002 

— 1  10 —  6 

-|-o.  002 

 0. 01 6 

-j-O.  006 

 046 

0   10—  7 

 0.  002 

-j-O.  020 

 0.  005 

I    lo—  8 

0. 000 

— 0. 007 

-j-O.  001 

 0, 013 

—1    11—  4 

-j-O.  0002 

-j-O.  0002 

-j-O.  0002 

_1_0  OOQA 

_|_o,  0002 

0.  0000 

0   11—  5 

— 0. 0002 

— 0. 0001 

— 0. 0006 

— 0. 0005 

-I   II-  5 

— 0.0015 

-|-o.  001 1 

— 0. 0067 

-j-O.  0044 

o    1 1 —  6 

-j-O.  002 

 002 

-j-O.  006 

— u.  uu^ 

I    II—  7 

 002 

-j-O,  002 

—1    II—  6 

—V.  W  J 

 0, 007 

 009 

o    II—  7 

-|-o.  004 

-f-o.  009 

-j-O.  009 

-j-O.  024 

1    11—  8 

 007 

—I    11—  7 

-j-O.  01 1 

— — 0.  001 

— U.  lAJ^ 

o   II—  8 

-f-o.  002 

— 0. 031 

O    12—  5 

-j-O.  00002 

— 0. 00008 

-|-o.  00012 

— 0.00041 

0.00000 

0.00000 

—  I     12—  5 

-j-O.  0003 

— 0.0009 

—0. 0007 

-I-O.OOI7 

O     12—  6 

-j-O.  0007 

— 0.0016 

—  I  12 —  6 

— 0. 002 

— 0. 002 

— 0. 007 

— 0.  006 

O    12—  7 

-j-O.  006 

-j-O.  006 

—  1     12—  7 

-|-o.  006 

— 0. 004 

-j-O.  019 

— 0.  on 

O     12—  8 

— 0.006 

-|-o.  004 

— 0.018 

-f-o.  01 1 

—I     12—  8 

-j-O.  002 

-|-o.  007 

-j-O.  007 

-I-0.0I9 

O     12—  9 

— 0. 01 

— 0. 02 
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Arg= 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 
0 

I 

i'  i 

O  0 

O   I 

O —  2 

// 

// 

-j-o.  0000064 
— 0. 0000052 

— 0.  000057 

// 

// 

-|-o.  0000019 
— 0. 0000098 
— 0. 000209 

// 

// 

— 0. 0000921 
+0.0001557 
— 0. 000170 

// 

// 

+0. 0000037 
— 0. 0000018 
— 0. 000051 

0 

I 

o 

J 

0 

1+  I 

I  o 

1+  I 

I  o 

1  J 

I  o 
I —  I 
I —  I 

— 0. 0003 
— 0.0004 

— 0.0009 
-|-o,oooi 

0. 000 
+0.  0005 

+0.0001 
— 0. 0007 
+0. 0001 
+0.0038 

+  0.001 

— 0.0016 

+0.0001 
—0.0010 
+0.0004 
— 0. 0010 

I 

0 

I 

—I 

0 

2  O 
2—  I 
2  0 
2 —  I 
2—  2 
2—  I 
2 —  2 

-j-O.  OOOIO 

-|-0.  00012 

-(-0. 00045 

+0. 0043 
—0. 0076 

-|-o.  00032 

— 0. 0017 
+0. 0033 

+0. 0023 
+0.0004 
— 0.0013 
+0. 00105 
— 0. 0003 
+0.01 1 7 
— 0. 0107 

— 0. 0008 
+0. 0008 

— 0.  0002 

— 0.00005 
+0.0003 
— 0. 0054 
+0. 0046 

+0. 00003 

+0.00004 

0 

I 

—I 
o 
I 

—1 
o 
I 

0 

3  0 
3—  I 
3  o 
3—  I 
3-  2 
3-  I 
3—  2 
3—  3 
3—  2 
3-  3 

— 0.00014 

-|-o.  0007 
— 0. 002 

— 0.  00005 
-|-O.OOIO 

-|-o.  0005 

—0.00014 

-f  0.0016 
—0.0028 

+0.0003 
— 0.00027 
—0.0019 

+0.0035 

—0.0009 
+0. 0014 
— 0.0006 
+0. 00076 
— 0.  0005 
+0. 0049 
— 0.0044 
+0. 0006 
+0.  0109 

— 0.0016 
+0. 0028 
+0.0003 
— 0.00044 
+0.0003 
— 0.0067 

+0.0059 

— 0. 0013 

+0.0154 

— 0. 013 

— 0.0001 1 

—0.00004 

I 

0 

— I 

0 

I 

— I 

0 

4—  I 
4—  I 

4—  2 

4—  I 
4—  2 
4-  3 
4—  2 
4—  3 

0.0000 
-f-o.ooo3 

-|-0.  0002 
-I-O.OO02 

-l-o.oooi 
— 0.0001 

-|-o.  0048 
— 0.006 

— 0. 0007 
+0. 0008 

+0.  0022 
— 0.  002 

+0. 0041 
+0.0009 
— 0.0014 
+0, 0002 
— 0. 0003 
— 0. 0002 
+0.0120 
— 0.  oil 

+0. 0041 
—0.0010 
+0.0013 
— 0. 0027 
+0. 0023 
—0.0004 
+0. 0062 
— 0. 005 

o 
I 

o 

S-  I 

S-  2 

5-  I 
5-  2 

5-  3 

— 0.000156 
+0. 000080 
—0. 0001827 
-f-o.  000087 

-|-o.  000169 
-|-o.  000194 

— 0.  0004691 

-|-o.  000225 

+0. 0005 
—0.001 197 
-|-o.  000263 
—0. 0003418 
+0. 000075 

—0.0014 
+O.OOI57I 
+0.000440 
—0.  0009403 

+0. 000468 

+0. 0022 
—0.002609 
— 0.000161 
+0. 0003366 
—0.000408 

—0.0035 
+0. 003926 
— 0. 000688 
+0. 0007807 
— 0. 000546 

— 0. 000079 
+0.000057 
—0.0001234 
+0. 000050 

+0. 000079 
+0.000141 
— 0. 0003257 
+0. 000123 
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sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

// 

// 

// 

// 

it 

— I 

5—  2 

-|-o.  000217 

-|-o.  000026 

-f  0. 002108 

-f  0. 000288 

-f  0. 005902 

-|-o.  000863 

+0. 000075 

+0. 000005 

0 

— 0. 0027 

— 0.0006 

— 0. 0054 

— 0. 0007 

I 

5—  4 

-fo,  0007 

— 0. 0003 

— I 

—0.001 

+0. 005 

— 0. 003 

+0.015 

0 

t   A 

D  't 

-|-o.  002 

— 0. 007 

-f  0.004 

— 0. 015 

I 

S —  K 

J  J 

0.000 

+0. 003 

— I 

5 —  4 

— 0,009 

—0.005 

— 0. 015 

— 0. 009 

o 

5-  5 

-fo.  on 

-fo.  006 

-f  0.015 

-fo.  008 

I 

6—  2 

—0. 0025 

-f  0.0075 

0 

6—  z 

— J-0, 0001 

0.  0000 

-f  0.  0007 

-f  0. 0005 

-f  0,  0014 

-}-o.  0010 

I 

6—  3 

— 0. 0002 

— 0. 0002 

— 0. 0018 

— 0.0013 

—I 

6-  2 

— 0. 0002 

-fo,  0001 

— 0. 0003 

-f  0.0003 

-fo.  0016 

— 0. 0005 

— 0.0001 

+0.0001 

o 

6-  3 

+0. 0003 

— 0.  oooa 

-fo.  0002 

—0.0004 

— 0. 0017 

-fo.  0004 

+0.0002 

— 0. 0002 

— I 

6—  3 

-fo.  0001 

-f  0. 0032 

-|-o.  0005 

-fo.  0081 

o 

6 —  4 

f 

0.000 

— 0. 002 

0. 000 

— 0. 008 

— I 

6 —  4 

— 0.006 

0. 000 

— 0.016 

—0.001 

o 

6-5 

-fo.  008 

0.000 

-f  0.012 

-fo,  001 

— I 

6-5 

-fo,  003 

—0.009 

-f  0.004 

— 0. 014 

0 

6 —  6 

—0. 003 

-l-O.OII 

—0.004 

+0.013 

0 

7 —  2 

-f  0. 0029 

-|-o.  0003 

+0. 0045 

+0. 0006 

I 

7-  3 

—0.00015 

—0.00002 

— O.OOI8I 

— 0. 00025 

— 0. 0001 1 

— 0, 00001 

—I 

7-  2 

— 0.00013 

-f 0. 00027 

-|-o.  00030 

— 0. 00030 

0 

7—  3 

-fo.  00003 

— 0. 00006 

— 0.00008 

— 0. 00006 

—0. 00052 

+0, 00019 

+0. 00001 

—0.00006 

I 

7—  4 

-f-o.  0004 

— 0.  0001 

—I 

7-  3 

— 0002 

-f  0. 0005 

-f  0. 0010 

+0. 0025 

+0. 0001 

— 0. 0001 

o 

7-  4 

-|-o.  0003 

+0, 0003 

— I 

7-  4 

— 0.002 

-f  0.001 

—0. 009 

+0. 002 

o 

7-  5 

-f  0.004 

— 0. 002 

o 

8-3 

— Lrt  fWTnt 

—J-\J4  LHJUUi 

^-U.  uuuzz 

■^—0. 00009 

— 0.  00029 

+0. 00033 

+0. 00001 

-|-o.  00012 

—I 

8-3 

— 0.0001 

0. 0000 

— 0.0004 

0.0000 

-I-0.0004 

+0.0004 

— I 

8-4 

— 0. 0028 

+0. 0022 

— I 

0  A 

5 —  0 

+0. 005 

— 0. 002 

-fo.  009 

—0.004 

—I 

9—  3 

-|-o,  0001 

+0.0001 

o 

9—  4 

-f  0.00016 

— 0. 00004 

—0. 00004 

—0. 00010 

-  —I 

lo—  3 

—0.00004 

-f-o.  00004 

-fo.  00002 

+0. 00005 

o 

10 —  4 

-|-o.  0000014 

—0.0000006 

-f  0. 0000029 

— 0. 0000301 

—0. 0000468 

— 0. 0000532 

+0.000001 1 

—0.0000019 

I 

lo-  5 

-|-o.  00004 

— 0, 00004 

-|-o.  00004 

— 0. 00001 

—I 

10—  4 

—0. 00003 

—0.00004 

—0. 00029 

— 0, 00009 

— O.OOIOI 

—0.00021 

— 0.00002  , 

— 0. 00002 

o 

12-  5 

-|-o.  00010 

—0.00012 

-f  0. 00033 

— 0.  C0035 

— I 

12-  5 

-fo. 0008 

—0,0020 

-fo.  0021 

—0. 0063 

o 

12 —  6 

— 0. 0014 

-|-o.  0038 

2  dg'^  ^ 
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dz')v 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

siu. 

COS. 

H 
O 

I 

I 

i 

0  o 
O —  I 

O —  2 

// 

// 

-f  0.0000153 
—0.00001 19 
— 0. 000059 

// 

+0.0000173 
— 0. 0000068 

— 0.  0002I0 

// 

// 

—0.0000316 
-*-o,  0000258 
— 0. 000317 

tt 

// 

+0.0000001 
+0. 0000012 
— 0.000012 

I 

—I 

o 
— I 
—I 

I  o 

1+  I 

I  o 
I  o 

I—  I 

4-o,oooi 

0.0000 

• 

— 0. 001 1 
+0. 0002 

+0. 0002 
— 0. 0021 

— 0.  0006 

— 0.0004 

+0. 0002 
— 0. 0002 

I 

—I 

0 

2—  I 
2  O 
2—  I 
2 —  I 

-fO.  0002 
— O.  0001 

-fo.  00003 

— 0. 0003 
— 0. 0002 
-f  0, 00013 

— 0. 00010 

 0. 00009 

+0. 0007 
—0.0002 
— 0. 00009 
— 0. 0006 

— 0. 0003 
— 0.0003 

— 0.  00003 

+0.0004 

I 

—I 

0 

I 

—I 
o 
—I 

3—  I 
3  0 
3-  I 
3-  2 
3-  I 
3—  2 
3—  2 

-f-O.  0002 

— 0.00023 
-fo.  0002 
+0.  0003 

— 0. 0003 

— 0.  0004 

— 0.00015 
-fo.  0003 
— 0. 0002 
+0. 0003 

—0. 00023 

— 0.00015 

+0.  0006 
— 0. 0002 
— 0.00045 
+0. 0005 
+0.0012 
— 0. 0012 
— 0. 0008 

+0,0009 
0.0000 
— 0.00041 
+0.0004 
— 0. 0015 
+0. 0014 

—0.0009 

X 

0 

I 

—1 

0 

o 

4-  I 
4—  I 
4-  2 
4—  I 
4—  2 
4—  2 
4—  3 

0.0000 
0.  0000 

— 0. 0001 
— 0.0001 

+0. 0014 
— 0.0006 
+0.0006 
0.0000 
—0.  0001 
+0. 0023 
— 0. 002 

+0.0013 

— 0. 0002 
+0. 0006 
—0.0008 
+0.0005 
+0, 0012 
— 0. 001 

o 
I 

—I 
0 
X 

—I 
o 
—I 

S-  I 
5-  2 
5—  I 
5-  2 
5-  3 
5-  2 
5-  3 
5-  3 

— 0. 000359 
-f  0. 000197 
—0. 0003058 
+0.000130 
+0, 000297 

-fo.  000330 
-|-o.  000415 
— 0. 0007671 

+0.000395 

+0.000016 

— 0. 000212 
+0. 00001 1 
—0. 0000245 
— 0. 000047 
+0. 000364 

+0, 000325 
— 0. 000028 
— 0.0001270 

+  0.  000088 

+0. 0008 
— 0. 001096 
+0. 00022 1 
— 0,0001538 

—0.  UUUU53 
+O.OOIOI3 
— 0.0013 
— 0.  001 

— 0. 0006 
+0. 001563 
+0. 000203 
— 0. 0003436 

+0. 000539 
— 0.0004 
+0. 003 

+0. 0000055 

+0. 0000080 

0 

I 

—I 
o 
—I 

6—  2 

6-3 

6—  2 

6-3 
6-3 

-fo.oooi 

— 0.0004 
+0. 0005 

+0.0001 

+0.  OQ03 
—0.0004 

+0. 0007 

— 0,  0008 
— 0.0006 
+0.  0004 
— 0.  0003 

+0.0006 
— 0. 0007 
+0.0006 
— 0. 0005 
+o,ooiS 
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Arg= 
xy-\.Vg''\-i9 

dz')r 

2  dr^^ 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

0  7 —  2 

1  7—  3 

—  I       7—  2 

0  7—3 

1  7-  4 
—I     7-  3 

n 

— 0.00040 
— 0. 00007 
-|-o.  00001 

// 

— 0. 00005 
+0. 00023 

— 0.  00014 

/t 

— 0.00043 
— 0.  00003 

— 0. 00005 
— 0. 00003 

// 

~\-o.  0018 
—0.00187 
— 0.0001 1 
— 0. 00006 
+0.  0002 
— 0. 001 1 

// 

+0.  0003 

— 0. 00024 
+0. 00039 
— 0. 00037 
— 0. 0002 
— 0.0009 

// 

// 

0     8-  3 

-I  8-3 
 1     3  ^ 

0. 00000 
— 0. 0003 

-|-o.  00024 
0. 0000 

+0.  00001 

-fo.  00007 

— 0. 00002 
— 0.  0007 
+0.0015 

+0.00009 
— 0.0001 
— 0. 0016 

—I  9—3 
0  9—4 

+0.00010 

— 0. 00005 

— 0.  0002 
+0.00013 

0.0000 
— 0. 00006 

o  10 —  4 
— I    lo —  4 

+0.  OOOOIOI 

— 0.000004 

— 0.0000165 
— 0. 000010 

-f  0. 0000082 
-|-o.  000001 

— 0.00001 14 
— 0. 000003 

+0. 0000323 
+0.00013 

— 0. 000041 1 
+0. 00008 

Aig=xr-[-i'g'-\-ig 

V 

2 

sin. 

COS. 

sin. 

COS. 

X     i'  X 
000 

// 

+0. 0000088 

// 

// 

+0. 0000219 

I  0 —  I 

—0. 0000079 

— 0. 0000268 

I  0 —  2 

— 0. 000048 

— 0. 000058 

—I      I  0 

0.0000 

+0. 0002 

— I     2  0 

+0.  0001 

0.0000 

0     2 —  I 

—0.  00007 

— 0.000008 

— 0.00009 

-  -0.00008 

—I     2 —  I 

— 0. 0007 

+0. 0002 

0     3—  I 

— 0.0001 1 

— 0.00004 

— 0. 00025 

— 0. 00013 

—I     3—  I 

0.0000 

— 0. 0002 

I     5 —  2 

— 0.  000181 

+0.000126 

— I     5 —  I 

—0. 000029 

— 0. 000039 

— 0. 000043 

— 0.000045 

0     5 —  2 

+0. 0000524 

+0. 000064? 

+0.0000575 

+0. 0000446 

I     5—  3 

— 0. 000038 

— 0. 000062 

— 0. 000058 

— 0. 000055 

— I     5 —  2 

+0. 000029 

+0.000006 

+0, 000292 

— 0. 000055 

0  7—3 

— 0. 00003 

+0. 00006 

0    10—  4 

+0. 0000004 

— 0. 0000015 

+0.0000001 

— 0. 0000008 

t 
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The  fourteen  parts  of  the  portion  of  6^T  factored  by  nt  follow ;  for  convenience 
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+0.1 

0 

3-  I 

— 0. 27 

4-0. 21 

— 0. 02 

— 0.  02 

— 0. 01 

+0.04 

I 

3—  2 

4-0.  2 

—0. 2 

-l-o  I 

—  I 

—  I 

4-0. 1 

-l-o.  I 

I 

4—  2 

— 0.  I 

+0.1 

0 

4—  2 

_i_o  00 

 Q2 

I 

5-  2 

4-0. 042 

4-0. 031 

+0.385 

+0.  315 

—  I 

5-  I 

4-0. 009 

4-0. 029 

4-0. 027 

4-0. 021 

+0. 060 

—0.003 

0 

5—  2 

— 0.  on  1 7 

— 0. 0079 

— 0. 04S0 

— 0. 01 68 

+0. 0102 

+0. 0016 

— 0. 0012 

I 

-[-0.  020 

-l-o.  004. 

4-0. 00^ 

-l-o.  02  < 

—0.  060 

+0.  018 

— I 

5—  2 

— 0. 068 

— 0, 049 

— 0. 026 

— 0.094 

— 0. 067 

+0.  096 

—I 

6—  2 

+0.  2 

0.  0 

— I 

0—  3 

— 0.  2 

Q 

-Li 

— -I 

—  I 

7—  2 

—0. 31 

4-0. 01 

—0.  25 

— 0.  II 

0 

7-  3 

T"*  4" 

04 

4-0. 06 

^pO»  02 

+0.09 

+0. 07 

— I 

7-  3 

-pu.  4 

0 

8-3 

4-0-13 

— 0.  II 

4-0.07 

— 0.  10 

—I 

8-3 

+0-3 

—  1,4 

0 

8-  4 

— 0. 1 

+O.S 

—I 

9-3 

— 0.  2 

-o.s 

0 

9—  4 

+0.  19 

+0.15 

4-0. 06 

+0. 13 

+0. 22 

+0.  43 

—I 

9—  4 

+  1.9 

—0.  I 

0 

9—  S 

—2 

0 

—I 

10—  3 

— 0.06 

0.00 

— 0.  II 

— 0. 06 

0 

10 —  4 

+0.  0619 

4-0. 0067 

4-0,0169 

4-0. 01 1 1 

+0. 0945 

+0. 0607 

I 

10—  5 

— 0. 01 

4-0.01 

—0.03 

+0. 01 

—I 

10—  4 

+0.  14 

— 0. 27 

+0. 15 

— 0. 10 

+0.71 

— 0. 50 

1  ^d^T 

2  d-)"^ 


25  AST- 


-25 
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drdr' 

2^  dr'^^ 

nt  sin. 

nt  COS. 

nt  sin. 

nt  COS. 

H     i'  i 

0  O  0 

1  0 —  I 
—  I      o  o 

I  O —  2 

// 

+o.  013 1 
+0. 1481 
-f-o.  10  ■ 

// 

+0. 103 1 
—0.  ri47 
— 0.  0014 
+0. 02 

// 

+0.0138 
+0.  6303 
+0. 19 

// 

+0.  0950 
-0. 1315 
+0. 1561 
+0.  06 

O       I  0 

-|-0.  2 

— 0. 1 

—  12  0 
O       2 —  I 

— 0.06 
— 0.  06 

+0. 08 
— 0.06 

+0.05 

— 0.04 

o     3—  I 

— 0. 01 

— 0.04 

I     5-  2 
-I     5-  I 

0  5—2 

1  5-  3 
-I     5-  2 

— 0.  ooy 
+0.0163 
+0.016 
—0.009 

+0. 012 
— 0. 0023 
— 0.  019 
—0.058 

-|-o.  040 
— 0. 005 
+0. 0324 
— 0. 017 
+0. 020 

+0. 046 
+0.003 
— 0. 0279 
+0.008 
— 0.  209 

o  lo —  4 
— I  10 —  4 

— 0. 0028 

— 0.  0007 

— 0.0040 
— 0. 005 

—0,0037 
+0.001 

The  fourteen  parts  of  the  portion  of  having  the  factor  nH^  follow ;  for  con- 
venience the  coefficients  are  multiplied  by  100000000: 


B5y 

Yn'S-^z' 

Q8v 

nH^  sin. 

nH"^  COS. 

n^^  sin. 

n^t^  COS. 

nH^  sin. 

nH"^  COS. 

nH'^  sin. 

nH*  COS. 

H      V  i 

000 
I  0 —  I 
—100 
I  0 —  2 

// 

+0. 020 
+0.  301 
+0.3 

// 

+0. 022 
+0. 025 
— 0.51S 
-0.5 

// 

+0.  126 
+0.  299 
—0.3 

// 

+0.006 
—0.015 
— 0.  506 
+0.5 

// 

—  0.417 

—  0.  726 
+  0.  2 

// 

—  0.031 
+  1.644 

—  05 

// 

+  1.503 
+  I.  821 

-  0.5 

// 

+  0.065 

-  3.871 
+  1.2 

1    I —  I 
—I    1 —  I 

-»3 

—  3 

+  3 
+  12 

—  2 

+  2 

—120 
0    2—  I 
—I  2 —  1 

—2 
+3.3 

+2.4 

—2 
+  1.9 

—2 
+  1.4 

—  I 

+  0.7 

-  4 

—  I 
+  0.6 
+  I 

-  3 
+  1.6 
+  2 

—  3 
+  1.5 

—  I 

0    3—  I 

—I     3-  - 

0  3—2 

+0.8 
—2 

+0.4 
— 2 
+4 

+0.6 
0 

— 0. 1 

—2 

+  0.7 

+  7 
—  6 

—  0.6 
—II 

+n 

+  0.7 

+  6 
—  6 

-  0.5 
— 10 

+  9 

—I     4—  I 
0     4 —  2 
—I     4—  2 

+  1 

0 
0 

+  13 

-  5 
+  3 
+  4 

0 
0 

+  9 

-  3 
+  3 
+  3 

-I     5-  I 

0  5—2 

1  5-  3 
—1     5-  2 

— 0.  10 
+0. 069 
— 0. 08 
+0.  99 

—0.  13 
+0.  203 
—0.06 
—0.  20 

—O.  II 

+0. 085 
+0.65 

— 0. 09 
+0. 107 

— 0.  26 

—  0. 61 
+  0.489 

—  0.  27 
+  6.08 

—  1.08 
+  1.022 

—  0.  20 

—  1.06 

—  0.44 
+  0.352 

+  4.09 

—  0,56 
+  0.  546 

—  0.97 

-I     7-  3 

0  10 —  4 

—  0.009 

+  0.010 

CALCULATION  OF  THE  SEVERAL  PORTIONS  OF  Sn. 


Arg= 

2  dg*^  ' 

(IB, 

nH'^  sin. 

nH'^  COS. 

r?i^  sin. 

nH^  COS. 

nH'^  sin. 

nH^  COB. 

n3f2  Bin. 

V^t^  COS. 

H    V  i 
000 

I  0 —  I 

—100 

I     0  2 

y/ 

+0-035 
+0.  005 
0.0 

n 

4-0.  010 
— O.OIO 

+0.085 

+0.1 

It 

— 0. 007 
— 0.  047 
0.0 

// 

— 0. 014 
— 0. 007 
4-0.  127 
+0.1 

// 

—0. 151 
— 0.  681 
—0.  I 

// 

-  -0.045 
4-0. 024 
4-1. 002 
+0.3 

// 

— 0. 001 
+0.019 

// 

+0.008 

— O.OII 

+0. 035 

0     2 —  I 
— 1     2—  I 

+0.3 
+3 

0.0 
— I 

0     3—  I 

4-0.  s 

— 0.  I 

0     4—  2 

0 

1 

-I     5-  I 

0  5—2 

1  5-  3 
-I     s-  2 

— 0.  08 

+0. 132 

+0.09 

— 0. 01 

+0.033 

— 0. 20 

— 0. 17 
+0. 244 
— 0. 11 
+0.65 

— 0.  14 
+0.  202 
— 0.06 
— 0. 46 

— 0.40 

+0.329 
— 0. 14 
+3.28 

— 0. 78 
4-0. 761 
— 0. 15 
— 0. 43 

— 0.  II 
+0. 146 

+0.15 

—0.03 
+0. 049 

— 0.  21 

0  7—3 

0.0 

-0-3 

—0. 2 

+0.3 

—I    10—  3 
0  10 —  4 

-|-o.  004 

—0.019 

4-0. 026 

— 0. 061 

— 0. 1 
+0. 114 

+0.  2 
—0.154 

— 0.001 

—0.013 

Arg= 

i^T  , 

nH'^  Bin. 

nH^  COS. 

nH^  Bin. 

nH^  COB. 

n'i*  Bin. 

n'P  COS. 

n^^  sin. 

nH^  COB. 

K     i'  < 
000 

I  0 —  I 

— 100 

I     0—  2 

// 

+0.073 
+0. 028 
0.0 

// 

+0. 013 
— 0, 021 
+0.  252 
+0.1 

// 

— 0. 100 
— 0. 036 

// 

+0. 042 
+0.055 
+0. 050 

// 

—0, 160 
—0.  269 
0.0 

/I 

— 0. 015 
—0.015 
+1.045 
+0.1 

ft 

—0. 117 

— 0. 003 

// 

— 0. 002 
+0. 002 
— 0. 005 

I     2—  I 
0     2—  I 

+0.  2 

0.0 

— 0.  2 

0.0 

—0.4 

+0.9 

0     3—  I 

+0.6 

— 0.  2 

+1.0 

— 0.  2 

+  0.  2 

+0.1 

0  4—2 

+0.1 

+0.1 

+0.1 

+0.1 

0.0 

4-0. 2 

-I     5-  I 

0  5—2 

1  S-  3 
-I     5-  2 

-<5-  33 
+0. 362 
— 0.  II 
+0.87 

—0. 18 
+0.  223 
—0.03 
— 0.  65 

— 0.  24 

+0.  329 
— 0, 014 
+0.  73 

-0.15 
+0.  219 
— 0.05 
— 0,52 

—0.56 
+0.465 
—0. 18 
+3.67 

— 0. 95 
+0.817 
— 0. 12 
-0.57 

— 0.  040 

— 0. 002 

—I     6—  2 

+1 

—I 

0  7—3 
-I     7-  3 

0.0 

— 0-3 

—0. 1 

+2 

+0.3 
+1 

0    10—  4 

+0.001 

-0.  037 

+0.019 

— 0. 027 

+0.037 

— 0. 084 
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Arg= 

2  dr'«^ 

n2(3  sin. 

r^P  COB. 

nH"^  sin. 

n^P  COB. 

H     i'  i 

// 

// 

// 

// 

O       O  0 

-f  0.093 

— 0. 001 

I       O—  I 

-f  o.  146 

—0.  112 

— 0.  142 

— 0. 007 

—  I      o  o 

+0.014 

-f  0. 082 

—0.  181 

+0. 081 

I  0 —  2 

+0.6 

+0.3 

O       2 —  I 

+0.4 

— o.s 

—0.3 

0.0 

o     3—  I 

+0.6 

— 0. 1 

+0.3 

0.0 

o  4 —  2 

0 

-I     5-  I 

— 0.  25 

-f  0. 02 

— 0.  25 

— 0.  38 

O  5—2 

-f  0.  293 

+0. 014 

-fo.  211 

+0.  344 

I     5-  3 

—0. 10 

— 0. 03 

— 0. 10 

— 0. 05 

-I     5-  2 

+0.16 

— 1.04 

+  1.31 

—0. 13 

o    lo —  4 

— 0.  001 

-fo.  006 

CHAPTER  Xyill. 


THIRD-ORDER  PERTURBATIONS  OF  THE  MEAN  ANOMALY  AND  RADIUS-VECTOR  OF  JUPITER  ARISING 
FROM  THE  MUTUAL  ACTION  OF  THIS  PLANET  AND  SATURN. 

The  summation  of  the  fourteen  parts  of  5^T,  given  in  the  preceding  chapter,  pro- 
duces the  following  expression: 


Arg= 

S2T 

sin. 

cos. 

nt  sin. 

nt  COS. 

nSf*  sin. 

n*f*  COS. 

H    r  i 
o     o  o 

// 

— 0. 0002131 

// 

// 

+  0,3198 

// 

// 

+0. 117 

I  O —  I 

—0.0000013 

+  0.2204 

—  0.0936 

+0. 808 

— 0. 058 

— I      0  o 

— o.  0038635 

+0. 0080094 

—  6.7600 

—  5.7051 

+0.  544 

— 0. 494 

0  0 —  I 

+0.0037 

— 0. 0100 

+  8.7 

+  5.7 

I  O —  2 

—0. 000149 

+0. 002518 

—  2.18 

—  1, 12 

+0.  2 

+  1.7 

—  I  O —  I 

—0.036 

— 0. 027 

+25 

—26 

O  O —  2 

-(-0. 040 

+0. 029 

—27 

+  26 

I     o-  3 

— 0. 008 

— 0.004 

+  4 

—  6 

—  I  O —  2 

+22 

+40 

0     o-  3 

—24 

—40 

I     o—  4 

+  6 

+  9 

-I     1+  3 

—19 

—  7 

0       1+  2 

+59 

+  19 

I  1+  I 

-57 

-17 

-I        1+  2 

+0. 002 

+0. 003 

+  7 

—  9 

0       1+  I 

—0.03s 

—0.030 

—19 

+31 

I       I  o 

+0. 0340 

-j-0. 0299 

+  17.7 

—29.3 

-I   1+  I 

— 0. 0026 

— 0.0003 

+  0.3 

+  1.6 

O       I  0 

-f  0. 0079 

— 0.0044 

-  3-7 

—  3-9 

I     I —  I 

— 0. 0085 

+0. 0038 

+  4-5 

+  4-7 

+3 

— 2 

—  I       I  o 

— 0.0001 

-fo.  0020 

—  1,2 

+  0.  2 

O       1 —  I 

—0.0005 

—0,0015 

+  II 

+  0.1 

— I     I—  I 

— 0. 0109 

— 0. 0030  . 

+  4.3 

— lo.  4 

— I 

— I 

0       I —  2 

+0. 014 

+0.001 

—  4 

+  10 

I     I—  3 

— 0. 002 

0.000 

—  I       I—  2 

+0. 015 

-0.037 

+29 

+18 

o  1—3 

—0.016 

+0.037 

—26 

—16 

I      I—  4 

+0. 003 

— 0. 007 

+  5 

+  3 

-I     I—  3 

—24 

+21 

o     I —  4 

+23 

—23 
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Arg= 

sin. 

COS. 

nt  sin. 

nt  COS. 

nH^  sin. 

n«t«  COB. 

H     i'  i 

I       2-f-  I 

// 

// 

// 

"T  3 

// 

—  2 

// 

// 

—  I       2-[-  2 

-j-o.  020 

+0. 005 

+  2 

— 25 

O       2-|-  I 

— 0. 069 

0.  017 

—  7 

-4_7C 

-r75 

12  0 

+o-  0751 

4"0»  01 5^ 

— I       2-j-  I 

— 0. 0082 

-r  <>•  4 

-1-5-2 

O       2  O 

-|-o.  0Z30 

— 0.  0303 

— 29.  5 

— 10.  5 

I       2 —  I 

— 0. 0221 

+0. 0300 

+29.0 

+  10.9 

—  0.4 

+  0.9 

—  1       2  O 

— 0,  0003 

— 0.  0019 

—  0.  65 

—  I.  10 

—  0 

—  7 

O       2 —  I 

4-0.00155 

-{-o.  00347 

-|-  I.  ig 

  0.  1 2 

-1-  7  0 

"T  i*4 

I       2—  2 

— 0. 0005 

— 0. 0032 

—  3-3 

+  I.I 

— I       2—  I 

-|-o.  01 1 2 

— 0. 0055 

+  0.1 

+  0.3 

+ 1 

—  I 

O       2—  2 

— 0, 0149 

+0. 0065 

+  0.5 

+  2.0 

—  I       2 —  2 

— 0. 002 

— 0.012 

+  6 

+  I 

0  2—3 

0.000 

+0. 008 

—  6 

—  I 

—  I       2—  3 

-|-o.  027 

+0. 007 

—  6 

+  14 

O      2 —  4 

— 0. 028 

— 0. 007 

+  6 

—  14 

o     3-1-  I 

4"0»  002 

—0.  003 

I     3  0 

-|-o.  002 

+0.  001 

1  T 
+  I 

+  ^ 

— I     3-h  I 

0.  000 

+0.  032 

+  23 

—  3 

030 

— 0.  0002 

—0.  1027 

—71-  3 

+  9'S 

I     3 —  ^ 

-j-0. 0017 

+0.  0918 

i-03. 4 

—  5.  5 

—  I       3  0 

-^o*  0009 

— 0. 0037 

  3.  2 

—  0.  7 

0      3 —  I 

-|-o.  00577 

+0.  00643 

+  4-43 

—  5* 

-}-  0.  0 

—  1-3 

I       3 —  2 

— 0.  0081 

— 0,  0077 

—  4-7 

+  7-4 

—  I       3—  I 

-|-o.  0076 

— 0. 0093 

+  2.5 

+  2.  0 

+  14 

—25 

0      3 —  2 

— 0.  0087 

+0.  01 1 1 

  I.  0 

—  1.3 

— 14 

+  24 

«     3—  3 

+0.0006 

— 0.0013 

-I     3—  2 

-f  0. 0142 

+0. 0203 

+  2-3 

—  I.O 

0  3—3 

— 0.012 

— 0.015 

—I     3—  3 

4-0. 008 

— 0. 002 

+ 1 

+  6 

0  3—4 

— 0.008 

+0. 002 

—  I 

—  6 

-I     3—  4 

0.000 

+0. 016 

— 12 

—  2 

0     3-  S 

0.000 

— 0.016 

+  " 

+  2 

I  4 —  I 

-(-0.  0020 

+0.  0029 

—  0.5 

—  0.4 

— I     4  0 

— 0. 0009 

—  I*  I 

—  3-4 

0     4 —  I 

-j-o.  0083 

— 0.  0027 

  I.  0 

—  5-0 

I     4—  2 

— 0. 0103 

+0. 0035 

+  2.3 

+  0.  2 

— I     4 —  I 

— 0.  0006 

— 0.  0004 

+  3-9 

0. 0 

0 

Q 

  0 

0     4—  2 

— 0.0004 

+0. 0034 

+  0.06 

—  0.  II 

+  3 

+>3 

I     4—  3 

-I-O.OOO4 

+0.0008 

-  2.9 

0.0 

—1     4—  2 

+0.  0185 

+0. 0093 

—  0.6 

+  0.9 

+22 

+  7 

0  4—3 

— 0.019 

— 0. 007 

0 

+  I 

-I     4-  3 

-|-o.  002 

— 0. 002 

—I     4—  4 

+0.003 

+0. 006 

-I     4-  S 

—0.012 

+0. 002 

THIRD  ORDER  PERTURBATIONS  OF  JUPITER. 


6^T 

Arg= 

sin. 

nt  sin. 

112^2  sin. 

nH^  COS. 

COS. 

nt  COS. 

X     i'  i 

// 

// 

// 

// 

// 

// 

o     5—  I 

-|-o.  0027 

— 0. 0023 

I     5—  2 

— 0. 004247 

+0. 003517 

+  I.  no 

^^+"0;  808 

—I     5—  I 

-|-o.  001566 

+0. 002618 

+  2.508 

—  I. 251 

—  3-65 

—4.46 

0    5 —  2 

4-0. 0008236 

+O.OOI773I 

—  0, 2405 

—  0,  2069 

+  3-466 

+4-538 

I     5—  3 

4-0. 000859 

+0. 002827 

+  3.268 

—  ^-893 

—  1-23 

— 0. 75 

—  I       5—  2 

+0.003370 

+0. 000234 

—  0. 954 

+  0-970 

+22.  72 

—6.  70 

o  5—3 

— 0. 0021 

—0.0004 

—  0. 1 

—  0.7 

I     5-  4 

— 0. 0005 

— 0.0005 

-I     5-  3 

— 0, 005 

+0. 023 

+  2 

0 

o  5—4 

+0.006 

—0.  022 

I     5—  5 

0. 000 

+0.003 

-I     5-  4 

— 0. 024 

— 0.  014 

0  5-5 

+0.026  , 

+0.  014 

I  6 —  2 

— 0. 0025 

+0. 0075 

—  I  O —  I 

— 0. 0005 

— 0. 0003 

—  0.3 

+  0.  8 

O  6 —  2 

+0.0018 

+0.0017 

I     6-  3 

— 0.0015 

— 0. 0010 

+  0.6 

—  I.O 

—  I       6 —  2 

+0. 0084 

— 0. 0049 

-  5.3 

-  5.7 

+  I 

— I 

o  6 —  3 

— 0.0063 

+0. 0039 

+  4.0 

+  4.4 

I  6 —  4 

— 0. 0040 

+0. 0029 

+  2.5 

+  2.6 

-I     6-  3 

—0.0007 

+0. 0082 

+  3.7 

-  0.5 

0     6—  4 

— 0.002 

— 0. 008 

—  I 

0 

—I  6—4 

— 0. 022 

—0.001 

0  6—5 

+0. 020 

+0.001 

-I     6-  5 

+0. 007 

— 0. 023 

o  6 —  6 

— 0. 007 

+0. 024 

I     7—  3 

— 0. 00392 

— 0. 00051 

+  0-07 

+  0.41 

—  I       7 —  2 

— 0. 00200 

— 0. 00678 

—  6.  25 

+  1.92 

o  7—3 

+0. 00247 

+0. 00593 

+  5.69 

—  2.52 

—  0.3 

0.0 

I     7-  4 

—0. 0037 

—0.0015 

-  0.9 

+  3.1 

—I     7_  3 

+0. 0666 

+0. 0655 

+40.5 

—56.3 

+  3 

+2 

o  7—4 

— 0. 0731 

— 0. 0705 

—45.0 

+62.2 

I     7—  5 

+0. 024 

+0. 022 

+13 

—19 

—I     7—  4 

— 0. 009 

+0. 002 

0 

+  I 

o  7—5 

— 0. 001 

— 0.006 

—  I 

—  2 

—  I       5 —  2 

— 0.0013 

— 0. 0010 

—  0.9 

+  I.I 

o  8—3 

+0,00119 

+0.00070 

+  1-23 

-  1. 51 

I     8—  4 

— 0. 0013 

+0. 0017 

+  0.1 

+  0:7 

-I  8-3 

+0. 0266 

+0. 0067 

+  3.1 

-25.7 

o  8—4 

— 0. 0282 

—0. 0077 

—  3-4 

+25.2 

I     8—  5 

+0.0091 

0.0000 

—  0.9 

-  6.5 

—I     8—  4 

—0. 0529 

+0. 0836 

+67.4 

+30.1 

0  8—5 

+0, 056 

— 0. 090 

—70 

—29 

I     8—  6 

—0.017 

+0. 027 

+22 

+  9 
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Arg= 

COS. 

fit  sin. 

ni  COS. 

nH^  sin. 

nH^  COS. 

X       i  t 

-I     8-  S 

+O.OOI 

II 

+0. 003 

II 

+  3 

—  2 

o  8-^6 

+0.003 

— 0. 005 

—1  8—6 

+0. 014 

— 0.006 

—I     9—  3 

+0. 0059 

—0.  0016 

—  2.  1 

—  4.3 

o     9 —  4 

—0.  mj47y 

-l-t).  (XAP90 

+  2.45 

+  5-85 

I     9—  5 

-j-o.  0007 

— 0.  001 1 

  I.  I 

—  0.  0 

—1     9~  4 

—0.  0027 

+0.  0362 

+33- 

—  2.  7 

0     0 —  K 

-|-o.  005 

— 0.  ex*! 

 70 

+  2 

I     9—  6 

+0.001 

+0.012 

+  8 

—  I 

—1  9—5 

— 0. 080 

— 0.030 

—14 

+62^ 

o     9 —  6 

+0. 081 

+0. 028 

+  12 

—64 

I     9-  7 

— 0. 027 

— 0.009 

—  3 

+  18 

-I     9-  6 

— 0.004 

+0.001 

0  9—7 

+0. 006 

+0. 002 

— I  lo —  3 

— UUUOi 

— 0.  cxx>79 

—  I.  01 

—  0.66 

— 0.  I 

+0.  2 

o  10 —  4 

— 0.  0000003 

+0,  0004584 

+  0-9933 

+  0.7516 

+0.  188 

—0.  379 

I    lo—  5 

+0.  00012 

— 0.  00036 

—  0.35 

+  0.02 

— I    10 —  4 

+0. 00212 

+0. 00753 

1        Q  /In 

+  8.63 

—  5-92 

0  lo —  5 

—0.  0030 

■^-o.  0076 

—  5-3 

-1-1.6 

1      IQ   ^ 

+0.  002 

+0. 002 

4-  I 

—  I 

— I    lo—  5 

— 0. 037 

+0.003 

+  8 

+28 

0    lo—  6 

+0. 039 

— 0. 006 

8 

—28 

I    lo—  7 

— 0.012 

+0.004 

+  2 

-1-  6 

—  I    10—  6 

+0.008 

— 0. 062 

-46 

0 

o  10 —  7 

— 0. 007 

+0. 064 

+46 

—  I 

I    lo—  8 

+0.001 

—0. 020 

— 10 

+  I 

— I    II —  4 

-^0.  0006 

-j-o»  0000 

-(-  0.  4 

—  0.9 

O     II —  5 

 0008 

""0. 0006 

—  0.4 

-j-  0.  0 

— I     II—  5 

— 0.  0082 

+0, 0055 

+  S'O 

+  5.  1 

o    II—  6 

+0.008 

— 0. 007 

1    II—  7 

— 0. 002 

+0. 002 

—I    II— 6 

— 0. 012 

— 0. 032 

—22 

4-12 

o    II—  7 

+0. 013 

+0-  033 

+22 

— 12 

I    II—  8 

— 0. 003 

— 0. 007 

—  5 

-I    II—  7 

+0.043 

—0.004 

—  8 

—11 

0   II—  8 

— 0.044 

+0. 005 

+  9 

4-11 

O    12 —  5 

+0. 00057 

—0.  00096 

+  0.  01 

+  o.i8 

—  I      12 —  5 

+0.  0025 

—0.  0075 

+  0.3 

O  12—6 

— 0. 0007 

+0. 0022 

—  i'3 

—  0.4 

— I      12 —  6 

— 0.009 

— 0. 008 

—  4 

+  5 

O     12—  7 

+0.006 

+0.006 

+  4 

-  5 

—  I     I2~  7 

+0. 025 

— 0. 015 

— 10 

—12 

0     12—  8 

— 0. 024 

+0.015 

+  10 

+  12 

—  I     12—  8 

+0.009 

+0. 026 

+13 

-  7 

0     12—  9 

— 0.  01 

— 0.  02 

—13 

+  8 
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In  precisely  the  same  manner  as  Wo  and  6Wo  have,  in  preceding  chapters,  been 
derived  from  T  and  6T  we  now  get  S^Wq  from  5^T.  In  the  case  of  the  terms  depending 
on  the  arguments  Sff'~  ^9  log'  —  ^g  the  motion  of  the  argument  has  been  equated. 
We  proceed  as  at  page  275,  the  only  difference  being  that  here  terms  multiplied  by 
nH^  are  present.    By  adding  T,  <JT,  and  ^^T  we  obtain 


T  +  (y2T=  [—  0.0718628  —  o.oooi39oiowf  +  o,ooooooo3466n^f2]  sin  (  5^'—  2g) 
+  [—  0,1794415  +  o.oooo82567n<  +  0.0000000453811^^2]  cos(  5^;'—  2g) 
+  [—  0.0051553  +  o.ooooo86o3W*  +  0,00000000 18871^^^]  sin  (lo^?'—  4^) 
+  [    0.0052333  +  0,00000650911*  —  o.oooooooo379w2<2]  cos  (10^'—  4^) 

In  the  case  of  the  argument  5^  —  2g  we  get  u  and  the  corrected  integrating  factor 

from 

log  w  =  6.9171965W  log  1.8995167 

In  the  case  of  the  argument  log^  —  ^g  the  similar  quantities  are 
log  H  =  7.1631711  log  )A  =  1. 59510 

The  expression  just  written  can  then  be  transformed  into 

//  //  // 

[—  0.0718628  +  0,00000928371*  —  0,00000000903%^*^]  sin  (  5^'  —  2^  +  KUt) 
+  [— 0.1 79441 5  +  0,00002317971*  —  o,oooooooo823w2*2j  ^jQg^  5^7'— 2^+  nnt) 
+  [—0.0051553  +  0.00000098371*  —  0.0000000021471^*2]  sin  (lo^'  —  4^  +  xnt) 
+  [    0.0052333  —  0.00000099771*  +  0.00000000319/12^2]  cos  (10^'  —  4fl^  +  nnt) 

Integrating  this  the  result  is 

//  //  // 

Wo+  <yWo+  (y2Wo=  [  5.83882  —  0,000840271*  +  0,000000716712*2  ]  cos  (  5^'  —2g+  unt) 
+  [—  14.17103  +  0,001725471*  —0,000000653712*2  ]  sin  (  ^gf  —20+  nnt) 
+  [  0.201 13  —  0,0000288171*  +  0.0000000842^2*2]  cos  (log^  —  4i7  +  Kut) 
+  [      0.20714  —  0.0000458671*  +  0.0000001256712*2]  sin  {log^  —  4P  +  nnt) 

~  I  5.83882  +  0,010870971*  —  0.0000027047^2*2  ]  cos  (  55''— 2^) 
+  [—  14.17103  +  0.006550771*  +  0,000003492712*2  ]  sin(  ^g'—2g) 
+  [     0.201 13  —  0.0003304171*  —  0,000000062 2?i2f2j  COS  (10^'  —  4^) 

+  [        0.20714  +  0.0002469971*  —  0.000000 1 3607&2^2J  gjjj  (10^'  —  4^) 

If  from  the  latter  expression  we  subtract  the  following  (obtained  at  page  276) 

//  // 

Wo+(yWo=  [  5.92153  +  0.010772971*  ]  cos (  5i7'— 2^) 
+  [—  14,29576  +  0.006837971*  ]  sin  (  5/  —  2g) 
+  f  0.16574  +  0.0000490171*]  cos  (10^'—  4^) 
+  I      0-17595  —  0,0000371871*]  sin  (10^'  — 4^) 
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we  get 

//  //  // 

<y*Wo  =  [—  0.08271  +  o.oooogSonf  —  0.000002 7 0471'*^'*  ]  cos  (  551'  —  2g) 
+  [  0.12473  —  o.ooo2872n#  +  0.00000349271'*^^  ]  sin  (  5^'  —  2g) 
+  [  ^*^3S39  ^  0.0003794271*  —  o.ooooooo622n'*t'*]  cos  (lo^f'  —  ^g) 
+  [    0,03119  +  0.0002841 7n*  —  0.000000 1 36on2t2]  sin  (lop'  —  4^) 

The  value  of         follows : 


53Wo 

COS. 

Bin. 

nt  cos. 

nt  Bin, 

n^P  cos. 

n2fi  sin. 

i'  i 

// 

// 

// 

// 

0  0 

—  21.  12 

+  160,  7 

0 —  I 

_1_0  DO'S 7 4-1*1 

4-0  oo88-l-ifco 

-|-ouo, 

jyi.  49 

0—  2 

— o.oi87+[8. 38]A-i 

+aoi38+[8.  sS]h 

+  32.3 

+  5.7 

—  68.7 

—  81,5 

0—  3 

— 0.0009 

+0, 0006 

+  5,8 

—  8.6 

~  2.5 

—  2,9 

2 

— 0. 002 1 

+0. 0018 

+  21 

—  8 

i-f-  I 

— 0. 0621 

+0, 0549 

—  32,  I 

—  54.6 

— 0. 0321 

— 0. 0176 

+  16,4 

  10,  6 

+  s 

+  3 

I —  I 

— 0. 0006 

+0. 0074 

+  4.8 

+  0,3 

I —  2 

 0, 0106 

+    0. 4 

_L  If 
-f  I.I 

~r  2 

I—  3 

+0. 0037 

+0. 01 1 1 

+  9 

—  6 

2-J-  2 

— 0. 002 

0.  000 

—  2 

—  3 

2-f-  I 

— 0. 0050 

+0.  0076 

+  I 

~  56 

2  0 

—0. 1349 

— 0,  2178 

+  180, 9 

—  66,3 

—  2 

—  5 

2—  I 

+0. 0080 

— 0. 0171 

+  4.3 

-  1.3 

+  51 

-  37 

2   2 

+  0.9 

—  3.2 

+  5 

+  5 

2—  3 

— 0.0003 

+0, 0071 

+  2 

—  I 

2—  4 

+0. 0035 

— O.OOIO 

—  I 

—  2 

— 0.  0028 

+0. 0104 

Q 

  0 

0 

3  0 

— 0,  0100 

+0. 3867 

— 256.  2 

—  34.5 

3-  I 

—0.  0398 

+0.0387 

—  24.8 

-  36.8 

—  29 

—  6 

3—  2 

—o.  0467 

-0,057s 

-  15.  I 

+  ".7 

~  85 

-  150 

3-  3 

+0. 0103 

— 0, 0183 

+  3 

+  I 

3—  4 

+0. 0021 

— 0.  0002 

+  I 

—  I 

3-  5 

0.0000 

—0.0015 

—  I 

0 

4—  I 

— 0.0427 

—0.0136 

+  9.5 

—  26.2 

4—  2 

+0. 0003 

— 0.  0086 

-  8.2 

+  0.3 

+  8 

-  46 

4—  3 

+0.0338 

—0.0188 

-  1.5 

—  2,7 

+  57 

—  18 

4—  4 

+0. 0025 

+0.  0008 

4—  5 

+0. 0013 

— 0, 0025 

4-  6 

— 0, 0035 

—0.0006 

S-  I 

+0-3583 

+0,3211 

—  82.6 

+  60,2 

5-  2 

— 0. 08342 

+0, 1245I 

+  10.63 

—  28.04 

—  268.0 

+  345. 6 

5-  3 

— 0.0120 

+0, 0206 

—  3-4 

+324.  8 

— 1692 

—  499 

S-  4 

— 0. 0023 

— 0.0127 

+  2 

+  8 

—  40 

—  10 

5-  5 

—0.0035 

+0,0017 
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COS. 

sin. 

f)  t  COB. 

nt  sin. 

n^f*  GOB. 

n«i2  gin. 

i'  % 

// 

// 

// 

// 

// 

// 

6—  2 

— 0. 0065 

4-0. 0056 

■f-  1.2 

+  2.3 

6-  3 

—0. 0335 

—0. 0203 

4-  21.2 

^-22.-8 

—  2 

—  2 

6—  4 

— 0.0030 

— 0. 0092 

+  5 

6—  q 

 0.  0062 

— 0. 0001 

6—  6 

+0. 0005 

4-0. 0022 

7—  2 

—0. 0327 

+0. 0043 

+  0.4 

—  2.3 

7-  3 

+0. 0126 

—0. 0383 

+  38.3 

4-  n.  8 

—  2 

0 

7 —  4 

4-0.  "looo 

— 0.  ^00 

4-I9I.6 

-1-266. 7 

4-17 

 1 1 

7-  5 

-fo.  0003 

—0. 0073 

+  5 

4-  7 

8-  3 

— 0. 0062 

4-0.0004 

-  4.8 

6.7 

8—  4 

— 0. 1562 

4-0. 0406 

—  18.9 

8—  5 

— 0. 04^0 

— 0.  0646 

4-  54 

8—  6 

-|-o.  0001 

— 0. 0024 

+  4 

9—  4 

—0. 0214 

— 0. 0047 

+  9.1 

—  21,9 

9-  5 

— 0. 0034 

— 0. 0721 

+  71.4 

-4-    6. 2 

Q—  6 

— 0. 0322 

4-0,  0104 

—  4 

9—  7 

— 0.0013 

— 0. 0005 

0 

  I 

lo —  4 

+0.03473 

4-0. 03076 

37.31 

+  27.  77 

"  6. 1 

—13.4 

lo-  5 

— 0. 1630 

4-0.4065 

—326.  2 

 223. 6 

lo —  6 

— 0.  0261 

4-0.  O0S2 

—  3 

—  22 

lo—  7 

4-0. 0010 

4-0. 0148 

—  II 

  I 

II-  5 

—0. 0028 

4-0. 0024 

—     1 .  0 

-  3.5 

II—  6 

— 0.0100 

— 0. 0051 

+  7 

—  7 

II—  7 

— 0. 0037 

4-0. 0094 

—  6 

—  4 

II—  8 

-fo.  0042 

4-0.0006 

0 

4-  3 

12-  5 

-f  0. 00346 

-fo.  00572 

-f  0.06 

—  1.07 

12 —  6 

+0. 0143 

4-0. 0434 

4-  7.8 

-  IS 

12—  7 

—0.0048 

-f  0. 0040 

—  I 

—  2 

12—  8 

4-0.0039 

4-0. 0022 

—  2 

+  2 

12-  9 

4-0. 0004 

—0.0034 

+  2 

0 

Arg=i'^'4-ip 

nH^  COS. 

n^^  Bin. 

i'  i 
0  0 

0—  I 

0 —  2 

4-0. 00000000039 
—0.00000000165 
— 0. 00000000004 

// 

4-0, 00000000181 
-fo.  00000000004 
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Also,  we  have  the  expression  of  the  following  function,  needed  in  the  determina- 
tion of  S^v : 


2  \  ^1 

Bin. 

COS. 

Kit  sill. 

11  i  PAR 

n»i»  sin. 

fiH'^  COS. 

i'  % 

// 

// 

// 

// 

Q   I 

1    v»  vAV/U 

 n  ft'jfifi 

— 401 .  0 

—  193-7 

-(-14ZU.  ;j 

1690.  0 

O—  2 

+O.OI7S 

+0.01 1 1 

—  3''4 

+    2. 7 

+  69 

—  81 

«>-  3 

+0.0009 

+0.0006 

—    0. 4 

—    0. 7 

+  4 

—     4  • 

1+  2 

— 0. 0021 

— 0.0018 

+  16 

+  7 

1+  I 

—0. 0430 

— 0. 0369 

—  19.8 

+  34.8 

I  O 

— 0. 0079 

+0. 0030 

+  3-8 

+  4.3 

+  2 

—  I 

1 —  I 

— 0.0001 

+0. 0024 

-    1. 5 

+    0. 2 

I   2 

+0.  0026 

—  3 

+  ^ 

I—  3 

— 0. 0039 

+0. 0108 

—  9 

—  5 

2+  2 

— 0. 002 

0. 000 

—  I 

+  2 

2+  I 

—0.0464 

—0. 0045 

+  I 

+  41 

2  O 

— 0. 0572 

+0. 091 1 

+  76.8 

+  29.2 

—  I 

'  +  2 

2—  I 

— 0. 0005 

— 0. 0024 

-  1.7 

—   0. 2 

-  5 

—  4 

2—  2 

—0. 0289 

+0. 0141 

—   0.  2 

-  0.7 

—  2 

+  2 

2—  3 

— 0.  0006 

+0. 0057 

—  2 

0 

2—  4 

— 0. 0061 

— 0.0016 

+  I 

—  3 

3+  I 

— 0. 0010 

— 0. 0114 

—  7 

+  I 

3  0 

— 0. 0052 

— 0. 2208 

3—  I 

— 0. 0047 

— 0. 0060 

—  4.0 

+  4.3 

3-  2 

+0.0181 

— 0. 0224 

+  6.5 

+  S-o 

+  33 

—  60 

3—  3 

— 0. 0080 

—0.0139 

—  I 

0 

3—  4 

— 0. 0026 

— 0. 0001 

0 

—  I 

3 —  5 

0. 0000 

— 0.0028 

+  2 

0 

4—  I 

— 0.0II4 

+0.0041 

+  2.6 

-  8.9 

4—  2 

— 0.0004 

—0.0005 

+    2. 2 

0.0 

0 

—  6 

4—  3 

— 0. 0237 

— 0. 0120 

+  0.7 

—  I.O 

—  28 

—  9 

4 —  4 

— 0.0018 

+0. 0001 

4—  5 

— 0. 0006 

— 0. 0012 

4—  6 

+0.  001 7 

 0. 0003 

5-  I 

+0.  IS05 

—0. 16I7 

—  41.3 

—  30. 1 

5-  2 

+0. 001 198 

+0. 002714 

+  2.897 

-  1.578 

—  2.42 

-  2.58 

5-  3 

+0.0047 

+0. 0098 

+  1.6 

+162.0 

+  846 

—  249 

5-  4 

+0, 0027 

—0. 0106 

—  I 

+  8 

+  40 

—  10 

5-  5 

+0.0061 

+0. 0029 

6—  2 

— 0.0015 

— 0. 0009 

+  0.4 

-  0.5 

6-3 

+0.0090  ^ 

— 0.0051 

-  5-5 

—  6.0 

6-4 

+0. 001 1 

— 0. 0072 

—  3 

0 

6-  5 

+0. 0069 

0.0000 

6—  6 

— 0.001 1 

+0. 0044 
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I  id .  a'WoX 

2\  dr 

; 

Bin. 

COB. 

%t  sin* 

ni  COB. 

nH^  sin. 

nH^  COB. 

i'  i 

// 

// 

// 

// 

// 

7 —  2 

— o,  0107 

— 0,0014 

+    0. 2 

7—  3 

— 0. 0024 

— 0.  0046 

—  4.1 

+    2. 2 

—0.  1608 

— 0.  1698 

 108. 9 

+  151.1 

7-  5 

 0.0046 

— 0. 0092 

~"  5 

+  7 

8-  3 

 0.0012 

+0. 0007 

—  0.3 

+  0.7 

8-4 

-\-o.  0652 

+0.0153 

+  6.8 

—  59.8 

8—  <; 

— 0. 0476 

—  39 

—  21 

8-  6 

+0.  0013 

—0.0033 

—  3 

—  I 

9—  4 

-fo.  0050 

— 0.0014 

—   2. 1 

-  3.7 

9-  5 

+0.  0039 

— 0.0444 

—  43-3 

+  3.4 

Q—  6 

-l-O.  02d.S 

-l-O.  0074 

—  20 

9-  7 

-fO.  0022 

+0.0003 

10 —  4 

-fo.  00048 

— 0. 00055 

—  0.66 

—  0.32 

lo-  5 

-fo.  0809 

+0. 2004 

+  160.8 

—1 10. 4 

IQ   ^ 

-j-o.  0209 

4-0. 0087 

-T  4 

—  18 

lo—  7 

— 0.0019 

+0.0132 

+  10 

0 

II-  5 

-I-0.0007 

+0. 0007 

—  I.O 

II—  6 

-f  0. 0067 

— 0. 0047 

-  s 

—  4 

II-  7 

+0.0034 

+0. 0092 

+  7 

—  4 

II—  8 

— 0. 0083 

+0.0007 

+  • 

+  6 

12—  6 

— 0. 0074 

+0. 0226 

—  4-4 

—  0.9 

12—  7 

+0, 0038 

+0.0034 

+  I 

—  2 

Arg=<'sr'+i^ 

I  (d .  ^»Wo\ 

2I     dy  1 

fiH^  Bin. 

flH^  COB. 

i'  i 
0—  I 

0 —  2 

// 

+0. 00000000082 
+0.00000000004 

+0.00000000090 
+0.00000000004 

The  rigorous  equation  determining  z  is 
where  for  W  we  ought  to  substitute 
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Here  the  several  factors  include  terms  of  all  dimensions  with  respect  to  the  disturbing 
forces.    Limiting  ourselves  to  the  terms  of  three  dimensions  we  have 


All  the  factors  involved  in  the  right  member  of  this  equation  have  already  been 
given.    But,  as  in  forming  the  product  (^^^^^^  computation  of  the  terms  of 

the  second  order,  we  have  corrected  the  two  factors  for  the  terms  multiplied  by  wf, 
belonging  to  the  arguments  2g,  etc.,  and  which  result  from  the  previous  computation 
of  5Wo,  these  terms  must  be  omitted  from  the  factors  nd^js  and  *dy^^^' 

The  values  of  the  five  additional  quantities  involved  in  the  expression  of 
follow: 


o—  I 

O—  2 

0-  3 

1+  2 

1+  I 

1  O 

1 —  I 

1 —  2 

2+  I 

2  O 

2—  I 

2—  2 

2—  3 

3+  1 

3  o 

3-  I 
3-  2 

3—  3 

4  o 

4—  I 
4—  2 
4—  3 


+o.  0154 
-fo.  001 
+0. 002 

—0.003 
— o.  0050 
— 0.0004 
-f  0.0001 
— 0.001 

—0.013 

— o.  0085 
— 0.001 1 
— o.  0009 
0.000 

+0.001 
— o.  0003 
+0. 0022 
— 0.0006 

— 0.001 

— o.  001 
— o.  0095 
+0. 0002 
— o.  0007 


+0. 0458 
+0.003 
+0. 002 

— o.  005 
+0. 0032 
— o.  0002 
+0.0004 
0.000 

+0. 002 
—0.0139 
+0. 0020 
— 0.0009 
— 0.001 

+0.004 
+0. 0818 
— o.  0003 
— 0.0014 
+0. 002 

0.000 
— 0.0018 
— o.  0021 
+0. 0008 


nt  COS. 


+  0.287 
+28.9 
+  3 
+  I 

+  3 

—  3.1 

—  0.7 
+  i.o 


o 

+  9.5 

+  1.8 


—  3 
—59-3 

—  1-3 
+  0.8 


+  2.4 
0.0 
+  o,  2 


nt  sin. 


—14.4 

+  I 
—  I 


—  4.9 
+  0.6 

—  o.  I 


— 12 
—  4.0 
+  o.  2 


o 

~  8.5 
+  3.7 
—  2.4 


-6.5 

—  O.  I 

+  1.5 


n^t^  COS. 


—  4.02 


-  3 

—  9 
— II 


+  13 


fiH^  sin. 


+10 

+  7 
—  2 


+  3 
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\  dy  } 

COR. 

Bin. 

nt  COS. 

vt  sin. 

n^P  COS. 

n^P  sin. 

i'  i 
5 —  o 

5 —  I 

If 

// 

// 

+  3 
+55.9 

// 

— _i  

—  19.  2 

-f  82 

// 

+414 

s —  2 

+o.  000538 

—0.001328 

—  2.690 

—  I.  682 

+  35-76 

—  24.37 

C   1 

J  J 

 0.  OQIZ 

-f-o.  0006 

4-2A. I 

— 404 

-fii8 

5 —  4 

+  4 

0 

-f  30 

+  30 

6   2 

— 0.  0008 

+0. 0007 

—  03 

+  0.  I 

6—  3 

— O.CO76 

— 0. 0053 

+  4.6 

—  5.  I 

6—  4 

— 0.  001 

0. 000 

7—  3 

-J-o.  C016 

— 0, 001 1 

—  0.  2 

-|-   0.  0 

— 0.  0562 

+33-  ^ 

-1-4';.  7 

7  —  S 

0. 000 

— 0. 002 

+  4 

0 

8—  3 

-|-o.  0002 

-f  0. 0007 

+  0.9 

-1-0.7 

8—  4 

— 0.0158 

-f-o.  0032 

—  I.I 

— 12.  3 

8—  <; 

 0.  0007 

 0, 0010 

-4-  7 

Q —  ± 

— 0.  0007 

— 0.  0002 

-t-  0.  2 

—  0.  4. 

9-  5 

—0.0014 

— 0. 0069 

+  5.7 

+  0.5 

9-  6 

—0. 007 

-f-o.  002 

—  I 

—  3 

lo—  4 

— 0. 00010 

— 0. 00009 

+  1-43 

-  0.39 

0.0 

—  0-3 

lo—  5 

— 0.0221 

-fo.  0420 

—32.2 

— 19.6 

10 —  6 

— 0.001 

-fo.  001 

—  2 

+  2 

00s. 

sin. 

nt  COS. 

nt  sin. 

n2f»  00s. 

n2/«  sin. 

0  0 
0 —  I 

II 

// 

// 

-(-0. 007 
—I.  2 

II 

+  1.3 

// 

— 0.05 

,  If 

I—  I 

-(-0.0001 

-  0.  0003 

2 —  I 
2—  2 

— 0. 0001 

-f-o.  0023 

-f-o.  0002 
-(-0.0010 

3-  I 
3-2 

— 0.0003 

— 0.0004 

— 0.  2 

-0-3 

5-  2 
5-  3 

-f-o.  000008 
— 0.0014 

-(-0. 000002 
— 0.0001 

— 0. 020 

—0. 020 

— 0.  14 

-0.  15 

7  -  3 

—0.  I 

0.0 

8—  2 
8-  3 

-f-o.  0010 
0.0000 

-(-0. 0005 
—0.0002 

10 —  4 

-f-o.  00009 

-f-o.  00009 

— 0. 02 

-|-o.  01 

— 0.  I 

—0. 1 

400 


A  NEW  THEORY  OF  JUPITER  AND  SATURN, 


\  dr 

COS. 

siu. 

nt  COS. 

nt  silt. 

nH'^  COS. 

n2f3  sin. 

i'  % 

n 

// 

It 

// 

// 

0  0 

+  0.540 

-  I.  81 

0—  I 

-j-o.  0107 

-I-0.0131 

— 22.  2 

+3-7 

O —  2 

-}-o.  002 

— 0.001 

—  I 

— I 

1+  2 

—0.001 

— 0. 002 

-f-O.OOOI 

— 0. 0020 

-h  1*4 

+  1-3 

• 

I  0 

— 0. 0002 

— 0. 0002 

—  0.6 

-|-o.  3 

+  3 

+  3 

I—  1 

+0. 0003 

— 0. 0011 

—  0. 7 

-1-0.  I 

2+  I 

+  I 

—2 

2  O 

-  3-3 

-f-2.6 

-  3 

+  4 

2—  I 

— 0. 0008 

-J-o.  0020 

+  0.5 

—1.4 

—  7 

+  4 

2—  2 

-fo.  0221 

-f-o.  0095 

2—  3 

0.000 

— 0.001 

3+  I  . 

—  I 

3  0 

— 0.  0007 

— 0. 0010 

3—  I 

-I-O.OOI7 

—0. 0012 

—  0.  2 

-1-2.9 

+  9 

+  I 

3-  2 

— 0, 0058 

— 0.0106 

0.0 

-f-2.  0 

3-  3 

+0.001 

— 0. 005 

4  o 

— 0. 002 

-f-o.  001 

4—  I 

-f-o.  0004 

— 0. 0010 

4 —  2 

-f-o.  0002 

— 0.  0003 

—  1.6 

0.  0 

  I 

4-  7. 

4-  3 

+0. 0061 

—0.0031 

5  o 

— 0.001 

+0.  001 

5—  I 

0.0000 

-f-o.  001 1 

+30 

+40 

S —  2 

-j-o.  000560 

— 0.  001 1 14 

—  2. 548 

-1.584 

4-7C  78 

S-  3 

—0. 0076 

— 0.0016 

+SO 

-  6 

5-  4 

— 0.001 

— 0. 002 

+  2 

—  2 

-f-20 

+30 

O   1 

-f-o.  0013 

-f-o.  0042 

6—  2 

— 0. 0002 

0.  0000 

6-3 

-j-o.  0003 

-f-o.  0008 

6-4 

—  I 

0 

7—  2 

— 0.0091 

+0. 001 1 

7—  3 

-f-o.  0003 

-f-o.  0001 

-  1.8 

— 0.  I 

7-  4 

— 0. 0030 

-|-o.  0006 

-f-  0.4 

—2.3 

7-  5 

— 0. 003 

0.000 

+  2 

-5 

0 —  2 

-f-o.  0097 

-f-o.  0041 

8—  1 

-f-o.  0002 

_f_o,  0005 

+  0.5 

+0.3 

S—  4 

— 0.0004 

4-0. 0008 

-  0.5 

—4.2 

8-5 

-f-o.  001 

-f-o.  001 

—  I 

+1 

9—  3 

— 0. 0003 

-j-o.  0005 

9—  4 

— 0. 0005 

— 0. 0002 

—  0.  I 

— 0. 1 

9-  5 

— o.oois 

-f-o.  0016 

-j-  2.0 

+0.1 

9—  6 

— a.  002 

0.000 

lo—  4 

— 0. 00027 

—0. 00024 

+  1.36 

— 0, 40 

lo—  5 

— 0.0030 

-f-0.0171 

lo —  6 

-f-o.  002 

—0.  001 
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2rdv 

COS. 

sin. 

nt  COB. 

nt  sin. 

n2f»  cos. 

n'f2  sin. 

i'  i 
0  0 

// 

// 

// 

—0. 150 

// 

// 

-h  2.06 

// 

I  0 

+0'3 

—0.4  ~ 

2 —  I 

-I-0.0008 

—0. 001 1 

—0.8 

+0.1 

+  4 

—  3 

3—  I 

— 0.001 1 

-)-o.  0008 

0. 0 

—  I.  0 

-  5 

—  2 

4—  2 

— 0. 0001 

+0. 0003 

+0.5 

0.  0 

5—  2 
5-  4 

— 0. 000295 

-l-o.  000669 

+  1-344 

-f-o.  534 

—17.94 
+10 

+  12. 41 
+10 

6—  2 

-1-0.0001 

— 0.0001 

7—  3 
7-  5 

— 0. 0002 
— 0.001 

0. 0000 
— 0.001 

+0.9 

-ho.  I 

8-  3 

0.0000 

— 0. 0003 

—0.4 

—0.  2 

9-  4 

-|-0.  0002 

-l-o.  0001 

10—  4 

-j-o.  00003 

-1-0. 00001 

— 0. 68 

-f-o.  18 

The  single  sensible  term  of  — gf-*"^  is  +o''.oo4w^. 

The  addition  of  the  six  terms  of  ^  'J.^  gives  the  following  expression  for  this 
quantity: 


d  .  d^z 

dt 

Arg=iV'+i5f 

COS. 

sin. 

nt  COS. 

nt  sin. 

nH^  COS. 

n^P  sin. 

i'  i 

// 

// 

it 

II 

// 

0  0 

—  20.428 

+  156.93 

0—  I 

-f-o.  0298-1-/^1 

+0.  o677-\-h 

+814.0 

—400.9 

—2852 

—3380 

0—  2 

— o.oi57+[8. 38]A;i 

+o.oi58+[8. 3S]h 

+  34.3 

+  5.7 

-  69 

—  81 

0—  3 

-l-o.  001 1 

+0. 0026 

+  6.8 

-  9.6 

—  2 

—  3 

1+  2 

— 0. 0061 

— 0. 0052 

+  24 

—  9 

1+  I 

— 0. 0670 

-f-o.  0561 

-  33.8 

—  58.2 

I  0 

—0.  0327 

— 0.0180 

+  15.4 

—  16. 1 

+  8 

+  6 

I—  I 

— 0.0001 

+0.0064 

+  5.1 

+  0.3 

I—  2 

— -0. 0116 

+0. 0046 

+  0.4 

+  I.I 

I—  3 

+0. 0037 

+0. 01 1 1 

+  9 

—  6 

2-f-  2 

— 0. 002 

0.000 

—  2 

—  3 

2+  I 

—0. 0788 

-f-o.  0096 

+  2 

—  70 

2  0 

—0. 1434 

— 0. 2317 

+  187.8 

—  67.7 

—  8 

+  9 

2—  I 

-f-o.  0068 

—0. 0140 

+  5.8 

—  2.4 

+  39 

-  29 

2—  2 

-|-o.  0689 

+0.0325 

+  0.9 

-  3-2 

—  6 

+  3 

2-  3 

— 0. 0003 

-1-0.0051 

+  2 

—  I 

2—  4 

+0.0035 

—0. 0010 

—  I 

—  2 

25  AST  26 
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COS. 

sin. 

nt  COS. 

n^sin. 

n'i*  C08. 

ein. 

i'  i 

II 

3+  I 

— 0.0018 

+0. 0144 

—  12 

+  1 

"2  O 

— 0.  Olio 

+0.4675 

—315*5 

—  43- 0 

3 —  * 

— 0. 0370 

+0. 0380 

—  26.5 

—  32.  I 

—  12 

—  4 

1   2 

.5  ^ 

—0. 0434 

— 0. 0699 

—  14-3 

+  II. 3 

—  85 

—150 

+0. 0103 

— 0. 0213 

+  3 

+  I 

—  2 

—  3 

o  4 

-f  0. 0021 

— 0. 0002 

+  I 

—  1 

■5   r 

3 —  3 

0.0000 

— 0.0015 

—  I 

0 

4  o 

—0.003 

+0.001 

— 0. 0518 

— 0.0164 

+  11.9 

—  32.7 

+0. 0006 

— 0. 0107 

—  9-3 

+   0. 2 

+  7 

—  43 

A   •2 

4  6 

+0. 0392 

— 0. 0211 

—  1-3 

—   1. 2 

+  57 

—  18 

A   A 

4  4 

+0. 0025 

+0. 0008 

4  0 

+0. 0013 

— 0. 0025 

4—  6 

— 0. 0035 

— 0. 0006 

5  o 

— 0.001 

+0, 001 

+  3 

—  I 

S—  I 

+0-  3SS3 

+0. 3222 

—  26.7 

+  41.0 

+  112 

+454 

5-  2 

— 0. 082609 

+0. 122739 

+  6.716 

—  30-492 

—  214,94 

+308. 84 

5-  3 

— 0. 0232 

+0. 0195 

+  20.  7 

+378.  8 

— 2040 

—387 

5-  4 

—0.0033 

—0. 0147 

+  8 

+  6 

+  20 

+  60 

S-  5 

—0. 003s 

+0.0017 

6—  I 

+0.0013 

+0. 0042 

6—  2 

— 0. 0074 

+0. 0062 

+  0.9 

+  2.4 

6-3 

— 0. 0408 

—0. 0248 

+  25.8 

—  27.9 

—  2 

—  2 

6-4 

— 0.0040 

— 0. 0092 

+  4 

+  I 

6—  5 

— 0. 0062 

— 0.0001 

6 —  6 

-|-o.  0005 

+0. 0022 

7—  2 

— 0. 0236 

+0. 0054 

+  0.4 

—  2.3 

7-  3 

+0.0143 

— 0. 0393 

+  37.1 

+  14.6 

—  2 

0 

7—  4 

+0-3565 

-0-  3559 

+225. 1 

+310. 1 

+  17 

—  II 

7—  5 

—0.0037 

— 0. 0103 

+  II 

—  I 

8—  2 

+0.0107 

+0. 0046 

8-3 

— 0. 0058 

+0. 0011 

-  3.8 

-  5.9 

8—  4 

— 0, 1724 

+0. 0446 

—  20.5 

— 161,  2 

8-  5 

— 0. 0510 

— 0. 0736 

+  60 

—  31 

8—  6 

+0. 0001 

— 0. 0024 

+  4 

0 

9—  3 

— 0. 0003 

+0.0005 

9—  4 

— 0. 0224 

—0. 0050 

+  9.2 

—  22,4 

9—  5 

— 0,0063 

—0.0774 

+  79.1 

+  6.8 

9—  6 

— 0.0412 

+0.0124 

-  5 

—  26 

9—  7 

—0. 0013 

— 0. 0005 

0 

—  I 

10 —  4 

+0.03448 

+0.03053 

—  35.  22 

+  27.17 

—  6.2 

-  13.8 

lo—  5 

—0. 188I 

+0. 4656 

-358.4 

—243. 2 

10—  6 

—0. 025 1 

+0. 0082 

-  5 

—  20 

*io—  7 

+O.OOIO 

+0.0148 

—  II 

—  I 

 \  The  terms  correspondiDg  to  the  divisions  1 1  and  12  are  omitted,  since  they  are  the  same  as  the  similar  terms  of 

J^Wo,  ifiven  on  page  395, 
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dt 

nH^  COS. 

n^^  sin. 

i'  i 

// 

// 

0 —  I 

—0.  00000000165 

^-pJTOOOOOOOO  1 8 1 

0—  2 

— 0. 00000000004 

-fo.  00000000004 

On  integrating  this  expression  we  arrive  at  nS^^.  In  order  to  make  the  terms 
depending  on  the  argument^  disappear  it  is  necessary  to  put  A^i^— o".0339  and 
A;2=:  — o".o759.  In  the  case  of  the  terms  involving  the  arguments  5^  —  2^  and  log'  —  ^g 
we  equate  the  motions  of  the  latter.    By  adding  the  values  which  have  been  obtained 


ndt 


//  //  // 

=    [     5.80177  4-  0.010076271*  —  0.000002 i49n^*2]  cos  (  s£r'—  2g) 

+  [—  14.01188  +  0.005656771*  +  0,00000308811^*^]  sin  (  5^'  —  2g) 

+  [      0*  1 9539  ~  0.0003068M*  —  0.00000006271^*^]  cos  {jog^  —  4^) 

+  [      0.20289  +  0.000236371*  —  0.000000138^^*2]  sin  (10^'  —  4^) 

For  this  expression  may  be  substituted 

d  ndz 

— —  =  [  S«8oi77  —  o,ooo5247W*  +  0.00000047 in^*^]  cos  (  5^;'  —  2^  4-  unt) 
+  [—  14.01 188  +  0.001267371*  —  0.00000052571^*2]  sin  (  5^'  — 2(/+  mt) 
+  [  ^'^9539  ~"  0.000029671*  +  0.000000079712*2]  cos  (10^'  —  41/  +  «w*) 
+  [      0.20289  ~  0.000030771*  +  0.000000092712*2]  sin  (10^'  —  ^g+  unt) 

where,  in  the  case  of  5/—  2^,  h  and  the  corrected  integrating  factor  are  determined  by 


log  >£=  6.878847471 

and,  in  the  case  of  -  log'—^g,  by 

log  ;f  =  7.r356o7t 

Integrating  the  last  expression  we  obtain 


log  jx  =  1.8971166 


log  /X  =  r.S93SS 


ndz=  [  465.230  —  0.04794471* +  0.00003716712*2]  sin  (  S9'—2g  +  Knt) 
+  [  1101.855  —0.09413771*4-0.00004143712*2]  cos  (  ig^  —  2g'^Knt) 
4-[  7.6077—0.00087971*4-0,00000310712*2]  sin  (io<;'  — 4514- ;<7i*) 
+  [—     7'9932  4-  0.00144771*  —  0.0000036 1 7i''*2]  cos  (lo^r'  —  4^ 4-  «^*^) 

By  developing  this  expression  and  subtracting  therefrom  the  value  of  nS^-^-nS^^^  we 
should  have  nd^z ;  but  as  this  quantity  has  no  particular  interest  we  omit  its  deriva- 
tion, and  in  the  following  value  of  nS^B  the  terms  corresponding  to  the  arguments 
5/—  ^9  and  log'  —  ^g  are  not  given. 
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In  writing  a  final  form  for  the  great  inequality  of  Jupiter,  we  prefer  to  still  further 
equate  the  motions  of  the  arguments,  so  that  the  sum  of  the  squares  of  the  multipliers 
of  nt  in  the  coefficients  may  be  a  minimum.  This  gives,  severally,  in  the  cases  of 
S9*—2g  and  iog*  —  ^g 

log  H  =  6,875207971  log  ^=7.12506?^ 

and  the  final  form  of  n6z  will  be 

ff  ff  o         /  // 

ndz  =    [1196.045  —  0.10537111^]  sin  (  5*7'  —  2^  +  nnt  +  67  6  33.71) 

+      0.00005  54671'*^^               (  55^'  ^     +  nnt  +  48  46  ) 

+  [    11.0349  — 0.001654%^]  sin  (io<7'  —  4<)f+ + 313  35.1  ) 

+       0.0000047771^^2          gin  (^logf  —  4^  +  nnt  +  31 1  21  ) 


The  great  inequality  excepted,  the  expression  of  nS^z  follows.  The  proper  number 
of  decimals  is  restored  to  the  factors  of  nt  and  nH^ : 


sin. 

COS. 

i'  i 

//           *t      -  // 

//              //  // 

0  0 

— 0.  000102I4«V2 

+0. 000000523 1?«^/3 

0 —  I 

— 0. 008207W/+O.  00002853^2/2 

— 0.  oo4o66«/ — 0.  oooo338o«2/' 

-fo,  ooooooooi65«V3 

+0. 00000000 1 8 1  3 

0 —  2 

+0. 0082 — 0.  oooi72«/+o.  oooooo34«V2 

+0. 0071+0. 000028W/ — 0.  oooooo4o?;V3 

+0.  00000000002«5/3 

+0.  O0O000O0O02W3/3 

0—  3 

— 0. 0004 — 0. 000023W/+0.  OO0OOOOI«V3 

+0,  0008 — 0.  000032W/— 0.  oooooooiw'/' 

1+  2 

— 0. 0025 -|-0.  OOOIOOW/ 

+0. 0022+0. 000037??/ 

— 0. 0481 — 0. 00024 1 

— 0, 0401  +0. 00041 5w/ 

I  0 

—0.  0822+0.  000382W/-)-0.  OOOOOOIQWV^ 

+0. 0457+0.  ooo40o«/~o.  ooooooi5«V3 

I —  I 

+0. 0002 — 0. 000085W/ 

+0. 0109+0. 000005?;/ 

I —  2 

+0. 0073—0. 000025W/ 

+0. 0029+0. 000069??/ 

I—  3 

— 0. 0014 — 0. 000035W/ 

+0. 0043 — 0. 000023?;/ 

2+  2 

—0. 0007 — 0, 000007;// 

0. 0000+0.  oooox  I?;/ 

2+  I 

— 0. 0439+0. 00001 

— 0. 0053+0. 000388??/ 

2  0 

— 0. 1790+0. 002332?;/— 0.  OOOOOOIO«V3 

+0. 2905+0. 000841??/— 0. 0000001 

2—  I 

— 0354—0.  0003I3«/ — 0.  O00OO2O0H3/3 

— 0. 0704—0. 000103??/ — 0.  oooooi4g??V2 

2—  2 

—0. 0577—0. 000007M/+0. 00000005«V2 

+0. 0272 — 0.  oooo27?;/+o.  ooooooo3??V' 

2-  3 

+0. 0001 — 0. 000009W/ 

+0. 0023 — 0. 000005??/ 

2—  4 

— 0. 001  i+o.  ooooo3»/ 

— 0. 0003 — 0. 000006??/ 

3+  I 

— 0. 0008 — 0. 000054W/ 

—0. 0066 — 0, 000005??/ 

3  0 

— 0. 0094 — 0. 002612?;/ 

— 0.  3892+0. 000356?;/ 

3—  I 

— 0. 1850 — 0.  ooi274«/— 0. 0000005  8?/V3 

—0. 1889+0.  ooi538??/+o.ooooooi9«V 

3—  2 

+0. 0549+0.  oooi76?;/+o.  00000107W2/2 

— 0. 0885+0. 000140?;/ — 0.  oooooi89?;2/' 

3-  3 

— 0.  0057 — 0.  0000l7?l/+0.  O00O0O0IW2/3 

— 0. 01 19+0. 000006?;/— 0. 00000002??V« 

3-  4 

— 0. 0008 — 0.  ooooo4«/ 

— 0. 0001— 0. 000004??/ 

3-  5 

0. 0000+0. 000003W/ 

— 0. 0004+0. 000000?;/ 
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sin. 

COS. 

i'  i 

4  0 

— 0.  0019 

— 1=^,  0006 

4 —  I 

— 0. 08564-0. 000195K/ 

4-0. 02724-0.  ooo535«/ 

4—  2 

— 0. 00154-0.  ooo234«/— 0.  ooooooi8k2/« 

— 0. 02804-0.  ooooo5«/'— 0. 000001  lowva 

4—  3 

— 0. 0282-f  0. 000009K/ — 0.  oooooo4i«V« 

— 0. 0152—0.  ooooo8«/— 0.  ooooooi3«V3 

4—  4 

— 0.0010 

4-0.0003 

— 0.0004 

— 0.0007 

4-  6 

+0. 0008  ^ 

— 0.  OOOI 

5  0 

— 0. 0005 -}-o.  ooooi5«/ 

— 0. 00054-0, 000005 

5—  I 

4-0-  3539 — 0.  ooo255«/-|-o.  000001 1  ikV 

— 0. 3182 — 0. 000403^/ — 0.  ooooo448«V 

S—  3 

—0.  0274 — 0.  0002I8k/-|-0.  00002074«V« 

4-0. 02004-0. 003798K/— 0. 00000392KV3 

S—  4 

-|-0.  0017 — 0.  OO004OW/ — 0.  OO0OO0IO«V2 

— 0. 00744-0. 000030W/4-0.  oooooo3o«3/3 

e   e 

-|-O.OOI2 

4-0.0006 

0—  I 

4-0. 0009 

— 0. 0030 

0 —  2 

 0.  01754-0,  OOO02IK/ 

—0. 0149 — 0.  oooo58«/ 

0—  3 

4-0. 0690 — 0. 000442K/4-0.  ooooooo3«V^ 

— 0. 0418 — 0.  ooo478«/— 0. 0000OOO3K3/3 

6 —  d. 

4-0.  0025 — 0.  OOO025«/ 

— 0. 00584-0.  ooooo6«/ 

6-  s 

4-0. 0024 

0.0000 

6—  6 

— 0.0001 

4-0.0006 

7 —  2 

—0. 02884-0.  ooooo5«/ 

— 0. 00664-0. 000028«/ 

7—  3 

— 0. 0745 — 0. 002047K/4-0. 0000001  ik2/3 

— 0. 20584-0. 000806K/4-0.  oooooooowV^ 

— 0.  2996 — 0. 001906K/ — 0. 000000 1 4«V^ 

— 0.  29974-0. 002625K/' — 0. 00000009KV3 

7—  5 

4-0. 001 7 — 0.  oooo5o«/ 

— 0. 0047 — 0.  ooooo5«/ 

i>—  2 

4-0.0088 

— 0, 0038 

0 —  3 

— 0. 0275 — 0.  OOOI72W/ 

— 0. 00594-0.  ooo266«/ 

J!  A 

4-0. 21874-0. 000263K/ 

4-0. 0569 — 0, 002070W/ 

4-0. 0286 — 0.  ooo337«/ 

— 0. 0412—0.  OOOI  74K/ 

8-  6 

0. 0000 — 0. 0000 14K/ 

— 0. 00094-0.  OOOOOOW/ 

9—  3 

— 0. 0005 

— 0. 0008 

9—  4 

4-0. 0580 — 0. 000245K/ 

— 0. 0128 — 0.  ooo596«/ 

0   c 

4-0. 0046—0.  ooo575«/ 

— 0. 05584-0.  oooo49«/ 

g   6 

4-0. 01734-0.  OOO02I«/ 

4-0. 0052—0. 000109K/ 

y  / 

+0.  0004    0.  OOOOOOK/ 

— 0.  OOOI — 0.  ooooo3«/ 

10 —  5 

4-0. 19074-0. 003683K/ 

4-0. 4746 — 0. 002499K/ 

10—  6 

4-0. 01274-0. 000025K/ 

4-0. 0042 — 0.  OOOIOIW/ 

lo—  7 

— 0. 00034-0.  oooo37«/ 

4-0. 0050—0.  ooooo3«/ 

II—  s 

4-0. 00474-0. 000028K/ 

4-0. 0042—0. 00006 1 K/ 

Z  I —  D 

-j-o.  0064 — 0.  oooo45«/ 

— 0,0032— o.oooo45«/  ' 

II-  7 

4-0. 00144-0. 000023K/ 

4-0. 0037—0. 000015K/ 

II—  8 

—0.0012    0. 000000«/ 

4-0, 00024-0. 000009K/ 

12-  5 

—0. 0210 — 0. 000004K/ 

4-0. 0341 — 0.  oooo64«/ 

12—  6 

— 0.  01 22 — 0.  oooo67«/ 

4-0. 0372—0.  ooooi3«/ 

12—  7 

4-0. 00224-0. 000005K/ 

4-0. 0018—0. 000009K/ 

12-  8 

— 0. 001 24-0.  ooooo6k/ 

4-0. 00074-0.  ooooo6«/ 

12 —  9 

— 0.  oooi — 0. 000005  K/ 

— 0. 00084-0.  oooooo«/ 
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As  it  is  not  necessary  for  practical  purposes  that  the  radius-vector  should  be 
known  to  the  same  degree  of  accuracy  as  the  longitude  and  latitude,  we  might  neglect 
all  the  terms  of  three  dimensions  in  it ;  but  as  it  is  extremely  easy  to  derive  from  S^Wq 
the  portion  of  5V  which  depends  on  it,  and  the  remaining  portion  is  probably  of  con- 
siderably less  importance,  this  quantity  has  been  derived  from  the  equation 

It  is  thought  unnecessary  to  go  to  the  labor  of  deriving  the  constant  term,  probably 
very  small.  Also  the  two  terms  factored  severally  by  nt  and  n^f  and  independent  of 
g  and  g'  have  been  obtained  by  multiplying  the  similar  terms  having  the  argument  —g 
by  a  factor  whose  logarithm  is  8.3828 : 


5V 

COS. 

sin. 

V  i 

1  » 

//            //  // 

//           //  // 

0  0 

— 0. 000098W/+0.  oooooo34«2/2 

0 —  I 

+0. 0149 — 0. 004044w/-f  0.  oocx)i427w5/2 

4-0. 03264-0. 001966W/4-0.  ooooi69o«2/2 

+0, 00000000082^3/3 

— 0, 00000000090^3/3 

0 —  2 

-|-U,  UU07  V.  UuOI^yWi-j-O.  00000034"  ' 

— 0, 0056 — 0.  ooooi3w/-|-o.  00000040^2/2 

+0.  O00OOOOO0O2«3/3 

— 0.  OOOO00OOOO2«3/3 

0—  3 

+0. 0003 — 0. 00002 1  «/+o.  OOOOOOOlwVS 

— 0.  00O2-}-0.  OOOO29W/4-O.  00000001^2/2 

1+  2 

+0. 0009 — 0. 000067W/ 

— 0. 00074-0. 000030^/ 

+0. 0308+0. 000141W/ 

— 0. 0264-fo.  000248W/ 

1  0 

-|-0.  0199 — 0.  OOOO94W/ — 0.  00000005W2/3 

4-0.  00774-0,  000I07«/— 0.  OO0O0002W2/2 

— 0, 0002 — 0. 000025 

— 0. 0040 — 0. 000003W/ 

I —  2 

+0. 0056 — 0. 0000 1 9«/ 

— 0. 001 6 — 0. 000050^/ 

I—  3 

—0. 0015 — 0. 00003SW/ 

— 0. 00424-0. 00001 9«/ 

2-\-  2 

+0. 00074-0. 000004^/ 

0. 00004-0. 000007W/ 

2+  I 

+0. 0258—0. 000005^/ 

— 0.  00254-0.  O0O227«/ 

2  0 

+0.  0715 — 0.  OOO954W/+O.  OOOOOOOIW2/2 

4-0.  1 1444-0.  OO0363W/-I-O.  00000002w2/« 

2—  I 

— 0. 0026 — 0.  oooo87«/— 0.  oooooo26«2/5 

4-0.  01 1 8-|-0.  000005«/-}-0. 00000020W2/3 

2 —  2 

— 0.  0242 — 0.  O00002W/— 0,  00000002W2/2 

—0.  01184-0.  O00006w/ — 0.  00000002^2/2 

2—  3 

— 0. 0003—0, 000009W/ 

— 0. 0026-fo.  OOOOOOW/ 

2 —  4 

— 0. 00194-0. 000003W/ 

-f-o.  00054-0.  OOOOIOW/ 

3+  I 

4-0. 00054-0. 000032W/ 

—0. 00524-0. 000005W/ 

3  0 

-f  0. 00454-0. 001218W/ 

—0. 18384-0. 000165W/ 

3-  I 

4-0, 02354-0. 000192^/ 

— 0. 02984-0. 000207^/ 

3—  2 

4-0, 02304-0. 000080W/4-0. 00000042^2/2 

4-0. 0284—0. 000062W/4-0. 00000076^2/2 

3-  3 

— 0. 0045 — 0'  ooooo6w/ 

4-0.  00784-0.  OOOOOOW/ 

3-  4 

— 0. 00094-0.  oooooow/ 

0. 00004-0. 000004^/ 

3-  5 

0, 00004-0. 000005W/ 

4-0.  00074-0,  OOOOOOW/ 

4—  I 

4-0. 0185—0. 000043W/ 

4-0. 0067 — 0. 000146W/ 

4—  2 

— 0.  00104-0.  OOOO57W/4-O.  00000000^2/2 

4-0.  00154-0.  OOOOOW2/4-0.  ooooooi5««/« 

4—  3 

— 0. 01 7 1 4-0.  O00OO5«/ — 0.  00000020W2/2 

4-0. 00864-0.  ooooo7«/4-o.  ooooooo6«2/2 
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ly 

008» 

t 

//              //  // 

4—  4 

— 0. 0008 

0.0000 

4-  5 

—0. 0002 

+0.0004 

4-  6 

+0.0004 

+0,0001 

5—  I 

—0. 1784+0.  ooo4o8«/ 

—0. 1600— o.ooo297«/ 

5-  2 

— 0. 1966 — 0.  oo2443«/+o.  000001 8o«2/8 

+0. 3840—0.  ooi443«/— 0.  OOOOOI92WV3 

5-  3 

+0. 0064+0, 00001 IW/+0,  ooooo858«V2 

—0.  0099 — 0.  OOl625«/+0,  00000252WV2 

5-  4 

+0.  0014 — 0.  000005«^+0.  O00O0O2O«^/2 

+0. 0053 — 0.  oooo40«/+o.  ooooooo5«V8 

5—  5 

+0. 0020 

— 0. 0010 

6—  2 

+0. 0036 — 0.  OOOOIOW/ 

— 0.0021 — 0,OOOOI2«/ 

6-  3 

+0. 0152 — 0.  oooo94«/ 

+0. 0086+0,  oooio3«/ 

6-4 

+0. 0007—0,  ooooi9«/ 

+0. 0045+0.  oooooow/ 

6-  5 

+0. 0027 

0,0000 

6—  6 

— 0. 0003 

— 0.0012 

7—  2 

+0. 0131 — 0.  oooooznt 

— 0. 0017+0.  ooooi3«/ 

7-  3 

— 0.0127 — 0-  000226«/ 

+0.  0243—0.  0001 2 1 «/ 

7-  4 

— 0.  1427—0.  O00922W/ 

+0. 1430— 0.001 279«/ 

7-  5 

— 0. 002 1  —0. 000023«/ 

+0.  0042—0.  000032W/ 

8-  3 

+0. 0054+0.  ooooi3«/ 

+0.  0032+0.  000032W/ 

8-4 

+0. 0827+0.  oooo87«/ 

— 0. 0195+0. 000768^/ 

8-  5 

+0. 0195— 0, 000219W/ 

+0. 0266+0. 0001 18«/ 

8—  6 

+0. 0005—0, 00001  int 

+0. 0012+0.  ooooo4«/ 

9—  4 

+0. 01 30 — 0.  oooo56«/ 

+0. 0035+0.  oooo98«/ 

9-  5 

+0, 0028 — 0. 0003 1 5«/ 

+0. 0320—0. 000025«/ 

9-6 

+0. 0104+0.  ooooi3«/ 

— 0. 003 1  +0.  oooo84«/ 

9-  7 

+0. 0007 

—0.0001 

10 —  4 

— 0. 0223+0. 000246«/ 

— 0. 029&— 0, 0001 1 9«/ 

10-  s 

+0. 0820+0.  ooi652«/ 

—0.  2042+0. 001 135«/ 

10 —  6 

+0,  0105+0.  000020W/ 

— 0. 0044+0. 00009 1 

10 —  7 

—0. 0006+0.  oooo34«/ 

— 0. 0044+0.  oooooo«r 

II —  5 

-j-o.  ouiz-(-o.  t^oouoyw* 

— 0,  O0I2-|-O.  OOOOI7W* 

II—  6 

+0. 0043 — 0. 000032^/ 

+0, 0030+0. 000025«/ 

II-  7 

+0. 0013+0. 000028«/ 

—0. 0036+0.  ooooi5«/ 

II-  8 

— 0. 0023+0.  ooooo3«/ 

— 0,  0002—0.  00001 7«/ 

12—  6 

—0. 0063 — 0. 000038/?/ 

— 0, 0193+0.  ooooo8«/ 

12—  7 

+0. 0018+0.  ooooo5«/ 

—0. 0016+0.  ooooogw/ 

CHAPTER  XIX. 

CALCULATION  OF  THE  SEVERAL  PORTIONS  OF  d^V. 


The  fourteen  parts  of  the  portion  of  6W  not  factored  by  nft  or  n'H^  are  as  follows : 


AV^V 

G'Sv 

Arg= 

Bin. 

sin. 

sin. 

Bin. 

COS. 

COB. 

COS. 

COS. 

H      %  I 

// 

// 

// 

// 

// 

// 

// 

O      0  O 

—0. 000397 

+0. 002185 

+0. 001252 

— 0.000696 

— I       I  O 

—0. 000491 

— O.OOI9I4 

— 0. 001353 

+0. 000999 

— I       2  O 

+0.  00U3 

— 0. 00257 

— 0. 00207 

— 0. 00036 

0       I  0 

— 0. 0767 

+0. 041 1 

— 0. 0064 

+0. 0064 

—0.0195 

+0. 0080 

— 0. 0007 

+0.0012 

I       O  O 

+0. 088669 

— 0. 051402 

+0.010129 

—0. 004636 

+0.015432 

— 0. 008046 

+0.003443 

— 0. 001857 

—  130 

+0. 01 1 

— 0. 008 

+0.003 

— 0.004 

+0.018 

—0.015 

+0.004 

— 0. 002 

020 

— 0. 161 

+0. 245 

— 0. 038 

+0. 040 

— 0. 046 

+0. 068 

— 0. 008 

+0.006 

I       I  0 

+0.  206 

— 0. 334 

+0. 042 

— 0. 049 

+0. 041 

— 0. 066 

+0. 007 

— 0. 007 

—140 

0.  OCX) 

— 0. 023 

— 0. 001 

— 0. 020 

030 

+0. 014 

+0.431 

— 0. 005 

— 0. 020 

+0.006 

+0.187 

120 

— 0.004 

— 0.  784 

—0.001 

+0. 013 

— 0. 002 

— 0.  229 

0      4  w 

+0.  12 

—0.04 

+0.  II 

—0.03 

I     3  0 

— 0. 064 

+0.038 

—0.035 

+0. 015 

—0.03 

— 0. 02 

—O.OI 

— 0.  01 

— I—  1 —  I 

+0. 652 

— 0. 147 

+0.213 

—0.045 

—0.009 

+0. 002 

0 —  2—  I 

—0.43 

+0. 10 

—0. 18 

+0.04 

+0. 02 

0. 00 

I—  3—  I 

+O.OS 

— O.OI 

+0.03 

— O.OI 

— 0. 02 

0.00 

— I  0 —  I 

+0. 263 

— 0. 229 

+0.028 

—0.038 

+0. 065 

— 0. 054 

+0.008 

— 0. 007 

0—  I—  I 

—0.193 

+0. 169 

—0.017 

+0. 024 

— 0. 072 

+0. 061 

— 0. 016 

+0.015 

2 —  I 

+0.016 

— 0.  021 

+0. 026 

— 0. 024 

+0. 014 

—0.012 

—I     I —  I 

+0.035 

— 0.  088 

— 0. 001 

—0.010 

+0. 007 

— 0. 022 

—0.001 

— 0. 002 

0  0 —  I 

—0.028 

+0. 072 

+0. 002 

+0. 008 

— 0.009 

+0. 026 

—0.001 

+0. 003 

I —  I —  I 

0.000 

— 0. 008 

— t     2 —  I 

—0.0014 

— 0. 0209 

— 0. 0047 

— 0. 021 1 

— 0, 0017 

— 0.0041 

+0.0007 

+0.0005 

0     I —  I 

+0.006 

+0. 008 

+0. 006 

+0. 020 

+0.001 

+0.004 

0.000 

+0. 001 

I  0 —  I 

— 0.001 

+0.012 

— 0. 0069 

— 0. 0068 

+0. 0046 

+0. 0036 

+0.0001 

+0. 0008 

— 0.  OOII 

— 0. 0007 

0     2—  I 

+0. 0043 

—0. 0259 

— 0.0166 

— 0. 0128 

— 0. 0073 

—O.OI  13 

+0. 0025 

+0. 0009 

I     I—  I 

+0.0166 

+0.0443 

+0. 0108 

+0.0120 

+0. 0093 

+0. 0132 

—0. 0019 

— 0. 0007 

— t     4—  I 

— 0. 0302 

— 0. 0050 

+0. 0106 

+0. 0002 

—0. 0038 

+0. 0031 

— 0. 0085 

— 0. 0023 

0    3-  I 

+0. 1400 

— 0. 0230 

— 0. 0972 

—0. 0438 

— 0. 0196 

— 0. 0272 

+0. 0140 

+0. 0022 

I     2—  I 

+0.0773 

+0. 0845 

+0. 0826 

+0. 0409 

+0. 0477 

+0. 0290 

— 0.  01 II 

— 0.0010 
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8v 

Arg= 

sin. 

sin. 

sin. 

sin. 

COS. 

COS. 

COS. 

COS. 

H 

i'  i 

// 

// 

// 

II 

// 

// 

// 

// 

—  I 

5-  I 

_i_o.  001 

 0.  001 

 0.  616 

+0.  122 

+0. 007 

+0. 002 

0 

4—  I 

1    f      J  AC 
-t-I*  143 

— 0.  220 

+0.  017 

0.  000 

-\-o.  490 

—0. 020 

+0.  001 

I 

3-  I 

 1892 

4_o  0168 

—o.  0146 

— 0.  0007 

n  0C5C 

-\-o  000*3 

+0.0190 

—0.0035 

0 

5-  I 

-[-0.  004 

— 0.  015 

I 

4—  I 

— [-0. 014 

_I_ 

I —  2 

+0.03 

— 0. 05 

0 — 

2 —  2 

— 0.  02 

+0.03 

—  I 

0 —  2 

+0.  22 

+0.45 

+0. 07 

+0. 16 

0 — 

I —  2 

—0.  16 

— 0. 33 

— 0.  07 

—0.15 

I— 

2 —  2 

+0.  02 

+0. 06 

+0. 01 

+0. 03 

I 

I —  2 

+0.25 

+0. 19 

+0.  02 

+0.  02 

+0.  06 

+0.05 

0 

0 —  2 

— 0.  22 

— 0. 14 

— 0.  02 

— 0.  02 

— 0.06 

— 0. 05 

I  — 

I —  2 

+0.03 

+0.01 

—  I 

2 —  2 

+0.094 

+0. 018 

+0.015 

0.000 

+0. 022 

+0.004 

0 

2 

-0.095 

— 0.  on 

— 0.  on 

0.000 

— 0.  021 

— 0. 003 

I 

3—  2 

+0.  021 

— 0. 007 

+0. 014 

— 0. 007 

+0.  004 

— 0. 002 

0 

2 —  2 

— 0.  025 

+0. 01 1 

— 0. 006 

+0.003 

—  I 

4—  2 

+0.  0022 

— 0. 0029 

— 0. 0042 

+0. 0018 

+0.  0029 

— 0. 0036 

— 0. 0004 

+0.  0009 

0 

3—  2 

-|-o.  021 

— 0. 018 

+0. 010 

— 0. 005 

0.000 

— 0. 002 

+0. 002 

— 0. 002 

2 —  2 

— 0.  022 

+0. 020 

— 0. 006 

+0. 005 

— 0.  002 

+0. 005 

—I 

5—  2 

— 0. 01236 

+0. 04481 

+0. 01920 

—0.05499 

+0.0I2I0 

— 0. 03234 

— 0, 00985 

+0.01947 

0 

4—  2 

+0. 0326 

— 0. 0799 

— 0.0H3 

+0. 0148 

— 0.  0017 

+0.01 12 

+0. 0095 

— 0. 0219 

I 

3—  2 

— 00335 

+0. 1346 

—0. 0085 

+0. 0448 

— 0. 0099 

+0.0162 

—0. 0028 

+0. 01 12 

6-  2 

+0.  14474 

+0. 35026 

+0. 00531 

+0.01240 

+0. 00381 

+0. 00821 

— 0.00012 

— 0. 00025 

0 

5—  2 

+0.  0042577 

— 0. 0026910 

— 0. 01 13662 

—0.0198853 

— 0. 0060156 

— 0. 0136926 

— 0. 0001245 

— 0.0013962 

I 

4—  2 

+0. 14020 

+0. 34072 

+0. 00458 

+0. 00674 

+0.00376 

+0. 01056 

+0,00090 

+0.  00103 

—I 

7-  2 

_|_o,  090 

-j-u.  U54 

0. 000 

i^o.  003 

-|-o.  014 

~o.  004 

— 0. 003 

+0. 003 

0 

6-  2 

 05 1  9 

-Lo  ftf  "jR 

—0. 0031 

 0085 

— [-0. 0061 

+0. 0057 

—0.0015 

I 

5-  2 

 0. 00406 

—0.  007 1 2 

0.  00374 

<">  noc  f 54 

— 0.  00365 

— 0. 00026 

—I 

8-  2 

_[_o,  020 

— 0.  001 

0 

7-  2 

_|_o,  019 

-Ln  onC 

I 

6—  2 

 051 

 006 

0 

8-  2 

— 0.  019 

0—  3 

+0.05 

+0.  02 

I—  3 

—0. 28 

+0.  21 

—0.  10 

+0. 07 

0 

0-  3 

-fO.  21 

— 0.  17 

+0.09 

— 0.  08 

I — 

I—  3 

— 0.04 

+0.  03 

— I 

2-  3 

 I  I 

-|-u.  25 

—0,  03 

J-o  07 
-f-o.  07 

0 

I-  3 

+0.07 

— 0. 19 

+0. 03 

— 0. 06 

I 

0—  3 

— 0. 01 

+0.03 

—I 

3-  3 

-i-o.oi 

+0.  10 

0.00 

+0.  02 

0 

2-  3 

— 0. 01 

—0.09 

0.00 

— 0.  02 

4-  3 

-|-o.  012 

+0.  019 

0 

3-  3 

— 0.  01 

— 0.  02 

— I 

5-  3 

+0.014 

+0.  010 
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A'n'5V 

F'n 

Arg= 

sm. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

V  i 

// 

// 

If 

// 

// 

// 

// 

^  3 

-|-o.  oi8 

"^0. 089 

j  006 

0.000 

+0. 008 

0. 006 

+0. 001 

0 

5—  3 

 127 

009 

— U.  lUj 

—0. 005 

—0.  012 

0.000 

I 

4 —  3 

 009 

—I 

7-  3 

-j-u,  1504 

I  02  I 

~0.  0002 

— u.  uuuv 

+0.  0496 

—0.0349 

—0. 01 79 

+0.  0I2I 

0 

6-3 

—0.  966 

+0. 009 

 oil 

—0.423 

+0. 298 

+0. 022 

 015 

I 

S-  3 

— 0.  010 

+0. 009 

+0.516 

— 0. 36s 

—I 

8-3 

—0.0049 

+0. 1423 

+0.0014 

+0. 0081 

—0.  0049 

+0. 0313 

+0.0031 

— 0. 0066 

0 

7—  3 

—0. 0831 

— 0. 0234 

+0. 0034 

— 0. 0036 

— 0.  0132 

— 0.0132 

— 0. 0039 

+0. 0084 

I 

6-3 

+0.0176 

— 0. 0219 

— 0. 0038 

— 0.0046 

+0.  0062 

— 0. 0028 

+0. 0029 

— 0. 0046 

—  I 

9-  3 

+0.0134 

+0. 0402 

+0.0002 

— 0. 0028 

+0. 0024 

+0. 0072 

— 0. 0002 

— 0. 0012 

o 

S-3 

— 0. 0247 

— 0. 0590 

+0.  0016 

+0. 0277 

— 0.  0038 

— 0. 0009 

+0. 0006 

+0. 0042 

I 

7-  3 

+0. 0062 

— 0.0065 

—0.0017 

— 0. 0227 

+0.0009 

— 0. 0079 

— 0.0004 

—0.0042 

—I 

10-  3 

+0. 006 

+0. 006 

+0. 025 

+0. 040 

0 

9-  3 

—0.059 

— 0. 082 

— 0.004 

— 0.006 

— 0.019 

— 0. 033 

— 0. 002 

0.000 

I 

8-3 

+0. 0084 

+0.  0121 

+0.  0030 

+0. 0050 

+0. 0009 

+0. 0032 

+0. 0005 

+0.0005 

—I 

2—  4 

 0. 18 

—0.  15 

— 0. 07 

— 0,05 

0 

I—  4 

+0.  1 2 

+0.  06 

+0.05 

—  I 

3—  4 

— -O.  1 7 



— 0. 05 

— O.OI 

0 

2—  4 

-l-O  I  c 

+0.  OS 

+0.01 

— I 

4 —  4 

 Q>J 

+0.  02 

o 

3—  4 

+  0,06 

02 

—I 

5—  4 

 Q2 

+0.  02 

—I 

7—  4 

_j_0.  068 

 081 

+0  009 

"^0.  OD2 

+0-035 

— 0.015 

0. 000 

+0.015 

o 

6—  4 

 0. 105 

—0.  006 

— 0. 095 

+0. 042 

— 0.  032 

I 

S—  4 

+0. 10 

—0. 04 

-f-o.  03 

—I 

8-  4 

-^0.  014 

-^0.  012 

—0. 167 

— 0. 162 

0 

7—  4 

 015 

— 0.  01 2 

+0. 132 

+0. 133 

I 

6—  4 

—0.015 

— 0. 014 

—I 

9—  4 

— 0.  078 

— 0.  007 

J-O  00*7 

—0. 064 

—0.017 

^— 0.  004 

0 

8-4 

+0.  226 

+0. 039 

+0. 010 

— 0. 009 

+0.063 

+0. 010 

-1-0.007 

-|- V.  w/ 

— 0. 004. 

I 

7—  4 

—0. 013 

+0, 002 

—0.003 

— 0.001 

— 0.016 

+0. 007 

10 —  4 

— 0. 061 19 

+O.OI39I 

—0.01363 

+0. 00446 

— 0. 02906 

+0. 00807 

+0. 01509 

— 0. 00420 

0 

9—  4 

+0. 0529 

—0.0154 

+0. 0015 

— 0.0004 

+0. 0255 

—0. 0080 

—0,0184 

+0.  0057 

I 

8-4 

+0. 021 

— 0.001 

+0.014 

—0.004 

— 0. 002 

+0. 002 

— I 

II—  4 

+0.01289 

— 0.01603 

+0. 00086 

— 0. 00021 

—0. 00177 

+0. 00182 

—0.00004 

— 0. 00007 

0 

10 —  4 

+0.007175 

—0. 005886 

+0.00I3IS 

— 0.001785 

+0.001802 

—0.001870 

— 0. 000096 

+0.  000222 

I 

9-  4 

+0. 021 16 

— 0. 02153 

— 0. 00230 

+0. 00256 

+0. 00029 

+0, 00019 

—0. 00048 

+0. 00005 

o 

II-  4 

+0.0004 

— 0.  0002 

— I 

3-  S 

+0.07 

— 0. 14 

o 

2-  S 

— 0. 05 

+0.  12 

—I 

4-  5 

0.00 

-0.13 

o 

3-  5 

0.00 

+0.  12 

—  I 

S-  5 

—0.03 

— 0.  06 

o 

4-  5 

+0.03 

+O.OS 

—I 

8-  5 

+0.01 

—0.03 

—0.04 

+0. 01 

—0. 01 

+0.01 

o 

7-  S 

+0. 02 

— 0. 01 
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G'dv 

ATg= 

sin. 

COS. 

sin. 

COS. 

siu. 

COS. 

siu. 

COS. 

H     %'  i 
—I     9—  5 

// 

+0,  364 

// 

// 

// 

.  1  .Q^  014 

// 

// 

 0. 187 

// 

 006 

If 

+0.  010 

0  8—5 

 24 

+0.  01 

—0. 01 

— 0. 09 

-l-O.  It; 

+0;^  02 

— 0.  02 

I     7-  5 

+0. 01 

— 0.  02 

— 0.  01 

4-0. 01 

—1    10—  5 

-TO.  o;j5 

—  ft    ^  T  T 

— 0. 007 

0. 000 

+0. 004 

— 0.  082 

0.  000 

 0,  004 

0    9-  5 

 0.  026 

+0. 001 

 0.  006 

 0. 004 

+0. 083 

I     8-  5 

—0. 004 

— — 0.  026 

 0. 001 

 0.  021 

0.  000 

— 0.  008 

-I    II- 5 

— 0. 032 

— 0. 081 

— 0.012 

— 0. 022 

— 0. 009 

— 0.018 

0  10 —  5 

-f  0. 042 

-fo.092 

+0. 014 

+0. 026 

+0,008 

+0.017 

I     9—  5 

— 0. 006 

— 0. 006 

—1    12—  5 

— 0. 0223 

— 0.0187 

+0. 0007 

+0. 0008 

—0. 0058 

— 0.0036 

— 0. 0006 

+0. 0003 

0   11—  5 

+0.093 

+0.061 

—0.003 

— 0. 001 

+0.037 

+0. 023 

— 0.001 

—0.001 

I    10—  5 

— 0. 042 

— 0. 026 

—1  13—  S 

+0. 0094 

— 0. 0055 

+0.  0002 

0.0000 

+0.0010 

—0.0006 

0   12—  5 

+0. 0022 

+0. 0074 

— 0.  0003 

— 0.0001 

+0. 0006 

-i-0. 0014 

—0.0001 

0.0000 

I   11—  5 

— 0. 0013 

— 0. 0008 

—1     4—  6 

~\-0,  10 

+0.  02 

0  3—6 

— 0. 08 

—0,  01 

-I  s-6 

_L_n  Oft 

0  4—6 

 0.  08 

~^o.  01 

—I     9—  6 

4-0. 01 

—0. 01 

0  8-6 

0. 00 

~\-o,  03 

— I    10—  6 

-l-O  CI 

+0. 19 

0  9—6 

— 0. 36 

— 0.  12 

I     8—  6 

+0.06 

+0.  02 

— I    II —  t> 

+0. 29 

—0.04 

0  10 —  6 

—0.  22 

+0.03 

I  9—6 

+0.03 

— 0.  01 

—I    12—  6 

+0.054 

— 0. 032 

0   11—  6 

—0. 041 

+0. 041 

-1    13-  6 

— 0.018 

+0. 050 

0   12—  6 

+0. 008 

— 0.  022 

—1    10—  7 

+0.05 

— 0, 02 

—I    11—  7 

— 0.  04 

+0.35 

0   10—  7 

+0.03 

— 0. 27 

—1    12—  7 

+0.  08 

+0.  22 

0  11—7 

— 0,  06 

— 0. 17 

-I    13-  7 

+0.05 

+0.04 

0   12—  7 

— 0. 05 

— 0.05 
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Arg= 

sin. 

COS. 

ein. 

COS. 

sin. 

COS. 

sin. 

COS. 

H 

i'  i 

// 

II 

// 

II 

II 

// 

// 

0 

0  o 

+0.001323 

— 0.000177 

—0.000105 

— 0.0001 18 

1 

I  0 

— 0. 003627 

— 0. 000367 

+0. 000106 

+0. 000541 

— I 

2  O 

— 0.  OI4I4 

+0. 00014 

-j-o.  00022 

—0. 00290 

0 

I  o 

— 0. 0063 

-i-O,  00'?2 

+0. 0044 

— 0. 0045 

-l-O.  001 C 

— 0. 0007 

+0. 0030 

— 0.0012 

I 

0  o 

 0  007881; 

 0. 003072 

—0.  00002S 

 0. 002474 

+0.  001 186 

—0.  000383 

+0. 000970 

—I 

3  ^ 

-|-o.  001 

— 0. 004 

0 

2  O 

— 0. 010 

+  0.008 

— 0. 006 

— 0. 001 

— 0. 002 

—0.003 

I 

I  o 

— 0.  002 

— 0. 016 

— 0. 004 

0.  000 

—0.003 

+0. 010 

o 

3  ^ 

-f-0. 007 

+0. 013 

+0.  003 

— 0. 014 

I 

2  O 

 0.  017 

— 0. 007 

+0.019 

0 

4  o 

-1-0. 02 

1 

-l-O.  04 

I 

3  o 

— 0.  OS"? 

— 0.  OSO 

—I 

O —  I 

-I-O.OO6 

+0. 024 

— 0,009 

+0. 002 

o — 

I—  I 

0.000 

— 0. 008 

I —  I 

+0.013 

+0.014 

+0.004 

+0.009 

+0,005 

— 0.  020 

o 

0 —  1 

— 0.  008 

+0.  012 

— 0. 003 

+0.009 

—0.  004 

+0.015 

— I 

2 —  I 

+O.OOS3 

—0.0187 

+0.0001 

— 0. 0063 

— 0.0003 

— 0.0012 

— 0. 0021 

—0. 0047 

o 

I —  I 

-|-o.  012 

+0. 084 

+0. 014 

+0. 067 

+0. 003 

+0. 014 

+0.  001 

+0.004 

I 

O—  I 

— 0.004 

—0.018 

3—  I 

+0. 0299 

+0. 01 1 1 

+0. 0108 

+0.0075 

+0. 0013 

+0. 0017 

+0.0154 

+0.0193 

0 

2 —  I 

-|-o.  0014 

+0. 0231 

+0. 0027 

+0. 0076 

— 0.0001 

— 0.0001 

— 0. 0067 

—0.0098 

-|-o.  0024 

— 0.0042 

— 0. 0025 

— 0. 0028 

—0.  0048 

—0. 0035 

— I 

4 —  ^ 

1  fx.  e\f*f*^ 
-j-O,  OZZ/ 

+0. 0037 

+0. 0049 

+0. 0007 

+0. 0052 

+0. 0048 

o 

3 —  ^ 

—0.  01  19 

+0.  0040 

— 0. 0004 

+0. 001 7 

j_o  0016 

-l-O  OOOC 

+0.  0019 

+0. 0021 

2 —  I 

-f-o.  0050 

— 0,  0067 

— 0. 0021 

— 0. 0028 

 0.  0022 

—o^  0007 

—0. 0085 

— 0. 0052 

—1 

5—  I 

-l-O.  oo? 

 0. 002 

— 0. 007 

+0. 002 

o 

4 —  I 

— 0. 016 

-i-O,  01^ 

— 0. 006 

-l-O.  00? 

+0.  001 

0.  000 

0.000 

+0. 002 

I 

3—  I 

-|-0.  0220 

— 0. 0190 

-l-O.  oo'?6 

— 0. 0065 

+0.  0012 

— 0. 0006 

— 0.  0108 

— 0. 0047 

0 

I 

5—  I 
4 —  I 

— 0.  01 Q 

-l-O,  0^8 

-l-O.  020 
— 0.  os6 

— 0,007 

+O.OI2 

+0.005 

— 0. 021 

0 

6—  I 

— 0. 017 

4-0.  oci 

I 

5—  I 

4-0.  0'?2 

— 0,  oo^ 

—I 

I —  2 

—0.03 

0,00 

2 —  2 

— 0.056 

— 0.001 

—0.013 

—0.012 

+0. 026 

+0.  002 

o 

I—  2 

+0.016 

+0. 013 

— 0.001 

+0.015 

— 0.  on 

— 0. 001 

3  2 

—0.186 

+0. 086 

—0.091 

+0.036 

— 0.  012 

+0. 005 

+0.009 

— 0. 005 

o 

2—  2 

+0. 069 

— 0, 028 

+0.047 

— 0. 019 

+0.  010 

— 0. 004 

—0. 005 

+0. 002 

—I 

4—  2 

— 0. 0817 

+0.  1122 

—0. 0350 

+0.0455 

— 0.0038 

+0.0047 

— 0. 0131 

+0.0169 

o 

3-  2 

+0. 035 

— 0,  050 

+0. 022 

— 0. 027 

+0.  002 

— 0, 003 

_l_o  007 

— 0.  009 

5-  2 

—0. 00375 

+0.04529 

— 0. 00072 

+0. 01604 

— 0. 00002 

+0.00178 

—0,  00875 

+0. 00902 

o 

4-  2 

— 0. 0060 

— 0. 021 1 

— 0. 0066 

— 0, 0033 

— 0.0018 

—0.0013 

+0. 0045 

— 0. 0023 

3-  2 

+0.0015 

+0. 0038 

+0.0008 

—0.0043 

+0. 0014 

— 0. 0007 

+0. 0027 

— 0. 0080 

—I 

6 —  2 

+0. 00285 

+0,01340 

— 0. 00273 

— 0. 00425 

—0. 001 3 1 

— 0. 00289 

—0. 00867 

—0.01349 

o 

5—  2 

— 0. 0025163 

—0. 01 13586 

+0. 0038286 

+0.0074037 

+0.0016933 

+0. 0042305 

+0, 0032508 

+0.0137355 

I 

4—  2 

+0.00597 

+0. 00996 

—0, 00034 

— 0. 00347 

—0. 00090 

— 0, 00265 

+0. 00247 

— 0. 01047 

CALCULATION  OF  THE  SEVERAL  PORTIONS  OF  5-T'. 


2  dg' 


sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

COS. 

t'  i 

// 

// 

// 

// 

// 

// 

7—  2 

-fo.  002 

+0.003 

— 0. 002 

— 0.  002 

— 0.004 

— 0.  002 

0 

6—  2 

—0.0053 

— 0. 0147 

+0.0019 

— 0.  0070 

+0.001 1 

— 0.0017 

— 0. 0096 

—0.  0022 

I 

5—  2 

-j-o.  02512 

+0. 02192 

+0. 01 108 

+0.  OIOI8 

+0.00134 

+0.00148 

+0. 01919 

+0. 00687 

— I 

3—  3 

— 0. 02 

— 0, 05 

0. 00 

+0.03 

0 

2—  3 

0.00 

+0. 03 

—I 

4—  3 

—0. 131 

—0. 186 

— 0.068 

—0. 096 

— 0.  on 

—0.015 

+0.009 

+0,  01 1 

0 

3-  3 

+0. 07 

+0. 10 

+0.05 

+0,  06 

+0.01 

+0. 01 

—I 

5-  3 

— 0. 156 

— 0. 083 

—0. 072 

—0.034 

— 0. 007 

— 0. 003 

— 0, 024 

—0.013 

0 

4-  3 

+0. 083 

+0. 040 

+0. 046 

+0.  022 

+0. 006 

+0.003 

+0. 014 

+0.007 

0 —  3 

— 0. 085 

— 0.015 

—0.033 

— 0. 006 

— 0.016 

— 0.006 

0 

5—  3 

+0. 047 

+0. 004 

+0. 022 

+0. 002 

+0. 009 

+0. 002 

—I 

7—  3 

— 0. 0264 

+0, 0048 

— 0. 0039 

— 0.0020 

— 0. 0009 

+0.0003 

+0, 0124 

— 0. 0107 

0 

6—  3 

+0.017 

— 0. 005 

+0.008 

+0. 002 

+0. 001 

0,000 

—0.001 

+0,004 

—I 

8-  3 

—0. 0068 

—0. 0018 

+0. 0001 

— 0. 0025 

+0. 0009 

—0. 0020 

+0.  0039 

—0.0062 

0 

7—  3 

-)-o.  0072 

— 0.0014 

+0.0009 

+0.0019 

— 0. 0005 

+0.0013 

+0. 0015 

— 0, 0021 

I 

^  3 

—0. 0080 

+0. 0122 

— 0. 0028 

+0.0037 

— 0.0040 

+0.0128 

—I 

9—  3 

— 0. 0024 

— 0. 0005 

— 0.0001 

— 0. 0013 

+0.  0003 

— 0.  0012 

0 

S—  3 

+0.0073 

+0.0185 

+0. 0026 

+0.0060 

— 0. 0002 

— O.OOII 

— 0.0009 

—0.  0137 

I 

7—  3 

— 0, 0053 

+0.0081 

— 0.0012 

+0. 0086 

0.0000 

+0. 0020 

+0.0015 

+0. 0245 

0 

9—  3 

+0. 023 

+0.034 

+0.019 

+0.028 

+0. 004 

+0. 006 

+0. 002 

+0. 002 

I 

8—  3 

— 0. 0071 

—0. 0106 

—0. 0030 

— 0.0046 

—0.  0028 

—0.0035 

—I 

4—  4 

+0.04 

— 6. 02 

— I 

5-  4 

+0.15 

— 0. 16 

+0.08 

— 0.09 

+0.01 

— 0. 02 

0 

4—  4 

— 0. 07 

+0.08 

— 0.06 

+0.06 

—I 

6-4 

+0.03 

—0. 16 

+0. 02 

— 0.08 

+0.  01 

— 0. 03 

0 

S-  4 

— 0.02 

+0.  II 

— 0. 01 

+0.05 

— I 

7—  4 

~o.  006 

-0.097 

— 0.001 

—0.042 

+0.003 

— 0.019 

0 

6-  4 

+0, 006 

+0.061 

+0.004 

+0.017 

+0.  002 

+0.  010 

—I 

8—  4 

 016 

0. 000 

007 

-l-O  Of} 

— |-o,  014 

0 

7—  4 

+0.  012 

+0.  022 

— 0. 005 

— 0. 005 

— 0.009 

— 0.  012 

— I 

0 —  4. 

— O.OII 

— 0. 006 

0.000 

— 0. 002 

+0,003 

+0.  008 

0 

8—  4 

+0.013 

—o.  002 

+0. 003 

—o.  006 

+0.001 

— 0.004 

— I 

10 —  4 

+0. 00546 

— 0.  00744 

+0. 00076 

— 0. 00152 

+0. 0025 1 

— 0. 00068 

—0. 00479 

+0. 00209 

0 

9—  4 

+0. 0040 

0.  0000 

—  0. 0056 

+0. 0007 

—0.0018 

+0, 0005 

— 0. 0009 

—0.0001 

—I 

II—  4 

+0. 01013 

— 0, 01421 

+0. 00007 

—0. 00064 

—0.00013 

+0.00080 

0 

10—  4 

UW307 

—l—o  <\r\\'>^c\ 
—J— (J.  vAJ  1^1^ 

— uuuuo^ 

I 

9-  4 

— 0.  00907 

+0.  00932 

-— 0.  00020 

+0.00008 

+0. 00067 

—0.00107 

0 

II-  4 

— 0. 0002 

+  0.0012 

—I 

6-5 

+0.  14 

+0.  08 

+  0.09 

+0.05 

0 

5—  5 

— 0.09 

—0.05 

— 0. 07 

— 0.  03 

—I 

7-  5 

+0. 16 

0.00 

+0.  07 

0.00 

0 

6-5 

— 0.09 

0.00 

— 0.  06 

0.00 

—I 

8-  5 

+0.  10 

~0.  02 

+0.  02 

— O.OI 

+0.01 

— 0.  01 

0 

7-  5 

— 0.  OS 

+0.03 

— 0.  02 

+0.01 

£  dF' 
2  dg 
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Arg= 
Hy'+Vg'+ig 


COS. 


^{nSz)  (n'Sz') 


COS. 


K      i'  i 

I     9—  5 

0  8—5 

1  10—  S 

0  9—5 

1  II-  S 

10-  5 

12-  5 

11-  S 

13-  5 

12-  5 

II-  5 


7—  6 

6-  6 

8—  6 

7-  6 

9 —  6 

8-  6 
10—  6 

I  II—  6 
I    12—  6 

0  II—  6 

1  13—  6 
o   12—  6 


—I 

8— 

7 

0 

7- 

7 

—I 

9— 

7 

0 

8- 

7 

—I 

13— 

7 

0 

12— 

7 

+0.033 

— o.  02 
+0. 022 
— o.  006 
+0.009 
+0.  OOI 
0,0000 

+0.032 
+0,0179 
—0.0013 
— 0,0004 

— o.  03 
-fo.  02 

+0.  02 
— O.OI 

+0.03 

— O.  02 
+0.03 
— O.OI 

— o,  032 

+0.013 

^.036 
+0.015 

—0.09 

+0.07 

— o.  08 
+0.06 
—0.03 
+0.01 


+0. 

+0. 

— o, 
— o. 

+0. 
— 0. 

+0. 
— o. 

+0. 


024 

01 

014 
007 
002 

015 

0078 
025 

0075 

0070 
0004 


+0,  12 

—0,08 
+0.  II 
— o,  08 

+0,04 
—0,03 
+0.03 

+0.  02 

+0. 041 
— o.  019 
+0. 100 
—0.038 

0,00 
0.00 

+0,03 
—0.03 

— O.  02 
+0.  02 


+0.008 


+0.004 
— 0.0020 

+0. 029 

+0.  0039 
—0.0003 


+0. 014 


+0. 008 
— 0.0029 
+0. 018 
— 0.0016 
+0. 0026 


— 0.016 

— o.  006 

— 0.014 
+0. 007 
— o.  0025 

+0.  OOI 

— o.  0002 
+0.0003 


+0.018 


— o.  023 
+0. 014 
— o.  0010 

— O.  OOI 

+0. 0003 
— 0.0002 
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Arg= 

_}*'8  -_  v'J 

2  dr'* 

COS* 

sin* 

COS. 

H 

i'  i 

// 

fi 

It 

If 

It 

tt 

u 

0 

0  0 

— 0. 000226 

+0. 000254 

+0.000040 

—0. 000297 

—I 

I  0 

+0. 000223 

— 0. 000147 

— 0, 000028 

+0. 000338 

2  0 

— 0.00010 

— 0.00195 

—0.00042 

— 0.00070 

I  0 

+0.0018 

— 0.0001 

—0.0034 

+0.0014 

—0. 0021 

+0.  OOI  I 

+0.  OOOI 

—0.001 1 

I 

0  0 

—0,  002155 

-po.  00147^ 

 0.  001393 

+0.  000899 

-^0.  OOI  197 

— 0. 000521 

— 0. 000554 

+0.  003166 

2  0 

+0. 002 

0. 000 

I 

I  0 

+0.  002 

+0.003 

— 0.  OOI 

+0.  OOI 

— 0. 004 

+0, 005 

1 

2  0 

— 0.  001 

+0. 004 

— I 

1—  1 

0 —  I 

+0.  001 
— 0.  002 

—0.004 
+0.006 

—I 
, 

2—  I 
I   1 

0 —  I 

— 0.  001 1 

— 0. 0029 

+0.  OOOI 

-j-o.  0015 

— 0. 0024 

+0.001 

+0.001 

— 0. 0082 

+0.003 

+0.003 

—I 

3—  I 

+0.  0025 

-f-o.  0033 

-^0.  0032 

+0.  0040 

+0.  0008 

+0.  0007 

+0. 0003 

— 0. 0017 

2—  I 

— 0. 0024 

— 0. 0038 

0020 

— 0. 0007 

— 0. 0003 

—0.0001 

+0. 0013 

+0.0017 

I 

1—  I 

—0.  0007 

— 0. 0005 

— 0.  0010 

— 0. 0018 

— 0.  0021 

+0.0004 

—I 

4—  I 

+0.  001^ 

-pU.  UUUU 

+0. 0015 

+0. 0005 

+0.  002 1 

-j-o.  0000 

3-  I 

+0.  OOt  I 

+0. 0006 

+0. 0002 

+0. 0005 

— 0.  OOOI 

+0.  OOOI 

+0.  OOI  1 

+0. 0009 

I 

2—  I 

—0.  0027 

 0.  0018 

—0,  0025 

— 0. 0016 

— 0.  0003 

— 0. 0002 

— 0. 0042 

— 0. 0024 

4—  I 

+0.  002 

0. 000 

+0.  01 1 

— 0. 003 

0. 000 

+0.  OOI 

I 

3-  I 

— 0. 0019 

— 0.  0007 

— 0. 0023 

0, 0000 

— 0. 0017 

+0.  0002 

+0. 0025 

— 0.  0020 

—  I 

3—  2 

+0. 008 

— 0.003 

4. —  2 
3-  2 

— 0. 0029 

+0.  002 

+0. 0039 
— 0.004 

— 0. 0033 

+0. 0040 

— 0. 0008 

+0.0010 

+0.0032 

0.0000 

—  I 

s-  2 

 0.  UUI9O 

-^0.  00320 

A     AA  T 

— 0,  00190 

+0, 00330 

— 0. 00035 

+0.  00098 

— 0. 00042 

+0. 00421 

4—  2 

+-0.  0021 

— 0.  0010 

+0. 0015 

— 0. 0019 

+0. 0005 

— 0. 0003 

+0.0001 

— 0,  OOOI 

3—  2 

+0,  0011 

— 0.  0022 

+0. 0002 

— 0.0041 

—I 

6-  2 

— 0. 00167 

— 0, 00324 

— 0. 00161 

— 0, 00298 

— 0. 00022 

— 0. 00041 

— 0, 00024 

+0. 00023 

5-  2 

-[-0.0017479 

-pu.  UU02521 

— 0.  000305 1 

+0, 0003996 

+0.  OOOI  113 

+0. 0004123 

— 0. 0009770 

— 0.0010015 

I 

4-  2 

+0. 00004 

— 0.  00252 

+0. 00021 

— 0. 00167 

+0.  OOOI  I 

— 0. 00005 

+0.00192 

+0. 00135 

6—  2 

—0.  0041 

— 0. 0009 

— 0. 0018 

— 0. 0008 

— 0.0013 

— 0.  0010 

I 

5-  2 

-f'0. 00300 

+0. 00135 

+0, 00474 

+0. 00230 

+0.  OOI  13 

+0, 00051 

+0. 00169 

+0.00168 

1 

S-  3 

— 0. 007 

— 0, 003 

6-3 

— 0. 003 

— Ot  002 

— 0.  002 

0. 000 

7—  3 
6-3 

+0. 0029 

— 0.  002 

— 0.  0028 
+0.  002 

+0.0037 

— 0. 009 

— 0.0029 
+0. 006 

+0. 0040 

— 0. 0025 

— 0. 0007 

— 0. 0007 

8-3 

+0.0003 

— 0.  0017 

+0. 0009 

— 0. 0023 

—0.0001 

+0. 0002 

+0. 0004 

— 0.0009 

7—  3 

— 0. 0002 

+0.  0004 

+0.0015 

— 0.0017 

+0. 0003 

— 0. 0004 

+0. 0007 

— 0.001 1 

6-3 

— 0.  0008 

+0.0017 

— 0. 6022 

+0. 0041 

— 0.0012 

+0. 0026 

9—  3 

+0,0001 

+0. 0007 

— 0. 0003 

— 0. 0009 

0 

8-  3 

— 0.0005 

— 0. 0065 

+0.0001 

— 0.0013 

+0,0001 

— 0,0005 

0.0000 

+0. 0003 

I 

7-  3 

+0. 0004 

+0. 0056 

+0. 0002 

+0. 0038 

0.0000 

+0.0010 

4i6 
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2  dr"*^ 


H 

t 

8— 

4 

—  I 

9— 

4 

O 

8— 

4 

—  I 

lO— 

4 

O 

9— 

4 

—1 

II— 

4 

o 

10 — 

4 

I 

9- 

4 

11-  s 
lo-  5 

12-  5 

U-  5 

12-  5 


O.OCX) 
+0.  O02 

4-0.  ocx)5o 

+0.00006 
— o.  000053 

—0.003 
+0. 003 
— o.  0001 
— o.  0002 
+0,0001 


+0, 002 
— 0.001 
—0.00018 

— o.  00002 
+0.000109 

— o.  005 

+0, 006 
o.  0000 
o.  0000 
0.0000 


+0.004 
+0. 002 

+0. 00068 
+0. 0050 
+0.00012 
— o.  000083 
+0,00011 


0.0001 


+0.004 
+0. 002 

— o.  00033 
— 0.0012 
— 0.00018 
+0.000172 
— o.  00003 


— 0.00182 
+0. 0024 

— o.  000024 
+0. 00006 


+0. 00039 
— o.  0007 

+0. 000036 
0.00000 


— 0.00019 

0.00000 
+0.000012 
— 0.00001 


+0. 00002 

+0. 00002 
+0. 000008 
— 0.00001 


Axg=Hr''\-i'g'-\-ig 

drdr' 

2  dr^ 

y3 

sin,- 

COS. 

sin. 

cos. 

H 
0 

x'  i 
0  0 

// 

// 

— 0. 000028 

// 

ff 

+0.000031 

I —  0 

+0,000073 

— 0. 000050 

—I 

2 —  0 

+0.00001 

+0. 00038 

— I 

2—  I 

— 0.00^4 

— 0, 0019 

— I 

3—  I 

— 0, 0002 

— 0. 0006 

0 

2 —  I 

+0. 0007 

+0. 0007 

+0. 0002 

+0, 0003 

0 

3—  I 

+0.0013 

+0,0004 

I 

2—  I 

— 0. 0016 

— 0. 0008 

—I 

5  -  2 

—0.00012 

+0.00106 

— 0, 00005 

— 0. 00016 

0 

4—  2  ^ 

— 0. 0001 

+0, 0008 

— I 

6—  2  ^ 

— 0.00001 

+0.00015 

+0, 00002 

+0.00001 

0 

5-  2 

— 0.0001883 

—0. 0005367 

—0. 0000502 

— 0. 0000056 

I 

4—  2 

+0. 00050 

+0. 00070 

+0.00005 

+0. 00006 

5-  2 

+0. 00052 

+0. 00039 

+0.00003 

+0. 00003 

—I 

7-  3 

0,0000 

— 0,0001 

0 

7-  3 

+0.0002 

-  -0. 0004 

10—  4 

— 0. 00007 

+0, 00002 

0 

10—  4 

— 0.000014 

+0. 000003 
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The  fourteen  parts  of  the  portion  of  S^T'  factored  by  n7  follow  ;  for  convenience 
the  coefficients  are  multiplied  by  loooo: 


B'dv' 

:^'nd^z 

Arff= 

n't  sin. 

n't  sin. 

n't  sin. 

n't  COS. 

n't  COS. 

n't  s]n. 

n't  COS. 

n't  COS. 

H 

i 

// 

// 

n 

// 

// 

// 

Q 

Q 

Q 

3. 3579 

+  0. 

7738 

+ 

0. 8543 

+0. 3302 

 I 

I 

o 

+    o.  7826 

4. 6^20 

—  0.0752 

—  I. 

0503 

+  0.  1966 

1.0570 

-|~o.  0030 

—0.4250 

—  I 

2 

o 

+  0.49 

0.  35 

+  0.75 

+  I. 

41 

+ 

I. 91 

1 

-r 

1 .  40 

—0.  12 

— 0.  10 

0 

I 

o 

+  3-85 

t 

T 

6.  32 

+  3.99 

+  4.57 

+  1.37 

t 

2.  24 

+0.  26 

+0. 42 

I 

o 

0 

—  11.0432 

13.4758 

—  4. 8603 

—  6.  3974 

3.  3079 

4. 2943 

-0. 2432 

—0.  4404 

— I 

3 

o 

—  1.9 

1.8 

I.  I 

0.  0 

o 

2 

o 

+  43.5 

+ 

18.0 

+  6.0 

+  3.5 

+  12.7 

1 

-r 

+  1.6 

+0.8 

I 

I 

o 

—  71.0 

28,5 

—  10.  4 

—  4.8 

— 

[4.8 

—1.9 

—0.9 

—  I 

4 

o 

—  4.3 

+ 

0.7 

3.6 

t 

0.  D 

0 

3 

0 

+  78.4 

15.9 

—  3.2 

+  2. 

I 

+32.6 

5.  0 

I 

2 

o 

—143-  4 

+ 

23.2 

+  5.2 

—  I. 

I 

—39-9 

6.  2 

—I 

5 

o 

+ 

8 

1 

+ 

20 

o 

4 

o 

—  7 

24 

7 

19 

I 

3 

0 

+    6. 6 

+ 

14.8 

+ 

3.5 

1 

5.  0 

o  

4 

+ 

I 

— 

2 

+  4 

5 

+ 

2 

— 

2 

Q  

•i 

-  3 

+ 

I 

I  

-f-  10,0 

+121.  I 

—  0.  2 

—  3. 

5 

+ 

2.8 

+ 

38.5 

0  

2  

—  7 

80 

0 

+  3 

3 

— 

33 

I  

3 

+  I 

+ 

10 

0 

+ 

6 

—  I 

Q  

+  40.7 

+ 

64.0 

+  5.2 

+  7. 

7 

+ 

9.7 

+ 

14.7 

+  1.0 

+1.3 

0  

—  28. 9 

45.6 

-3.8 

—  5. 

3 

8.9 

13.4 

—0.8 

— I.  2 

I  

2  

+  4.3 

+ 

4.6 

+ 

1.4 

+ 

1.4 

—  I 

I  

-|-  26.0 

+ 

14.5 

+  8.3 

+  4. 

I 

+ 

5.9 

+ 

3.0 

+  1.2 

+0.4 

Q 

0— 

—  23.  2 

II. 8 

-  8.4 

—  3. 

4 

5.3 

3.0 

—0.7 

—0.  2 

1  

I  

+  2.1 

+ 

0.4 

 I 

+  6.35 

+ 

0. 63 

4-  1.88 

—  0. 

54 

1. 60 

0. 05 

+0.41 

— 0.  10 

-  7.8 

0.3 

—  2.4 

+  0. 

4 

1.6 

+ 

0. 1 

—0.6 

+0.3 

I 

O— 

+  3-4 

0.6 

+  0.9 

—  0. 

2 

+ 

0.  2 

0.0 

—I 

3- 

+  3-42 

2.57 

—  3.79 

+  3. 

91 

1.59 

+ 

2.23 

+  1.26 

—1.31 

0 

2  — 

—  12.23 

+ 

5.25 

+  2.60 

—  I. 

13 

0. 01 

0. 63 

-1.87 
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—I 
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—0.69s 
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o 

5-  2 
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—1.2 
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5-  2 

— 0. 082 

— 0. 022 
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—  I 

0 

+7 
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+3 

+4 

o 
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—3 
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+5 
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+2 
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+5 
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+2 
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0 
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-3 
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—I 
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+2.9 
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+1.8 
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o 
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— I 
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+1.4 

-0.5 

+1.7 

-2.4 

0 
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—0.4 

+0.7 

—0.7 

+1.3 

— I 

6-3 

+1.1 

+0.1 

+0.3 

+0.1 

0. 0 

-5.4 

0 

5-  3 

0.0 

+3-2 

+0.1 

+I.S 

0.0 

+3.1 

—I 

7-  3 
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+0.84 

+0.71 

+0-33 

— 0. 08 

+0.03 

— 0. 72 

-1.51 

o 

6-3 

—0. 1 

+0.6 

— 0.2 

0.0 

+0.1 

— 0.  2 

+0.4 

+0.7 

—I 

8-3 

— 0.09 

—0.32 

+0. 68 

+0.22 

+0.47 

•  — 0  04 

+4.35 

+  1.67 

o 

7—  3 

+2.80 

+1.41 

+0.78 

+0.37 
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I 

6-3 

+0.43 
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1  dV 

Arg= 

n't  sin. 

n't  COS. 

n't  sin. 

n't  COS. 

n't  sin. 

n't  COS. 

n't  sin. 

n't  COS. 

H    i'  i 

^ — ~  

—I     9—  3 

+  1.38 

— 0.  78 

+0.45 

— 0.  II 

+  1.48 

— 0.  20 

0  8—3 

+  0.56 

-ho.  23 

— 0.04 

-fo.oi 

— 0.  10 

-|-o.  06 

— I.  29 

-|-o.  10 

I     7—  3 

+  o>34 

+0. 10 

+0. 30 

-fo.oi 

-fo.  76 

—0. 13 

—I    10—  3 

+  0-3 

— 0.4 

-|-0.  2 

—0-3 

0  9—3 

+  i.i 

-0.8 

+0.9 

— 0.  7 

— 0.  I 

+0.1 

I     8-  3 

—  0.4 

+0.3 
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—I     3—  4 
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+5 
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+3 

0     2 —  4 
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-3 

—I     4—  4 

0 

+4 
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+2 

0  3—4 

—  I 

-3 
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+2 
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+3 
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+O.S 
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-0.5 

+0.1 

+0.3 
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+0.5 
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Arg= 


{nSz)v' 
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n*t  COS. 

n't  sin. 

n't  COS. 

n't  sin. 

n't  COS. 

n't  sin. 

n't  COS. 
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—I 
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+0. 057 

— 0. 010 
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4—  2 

-|-o.  067 

—0. 043 
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— 0.  354 
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+0-3 

—1.7 

o 
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+1.78 

— 0. 10 
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+0. 024 

—0.  134 
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o 
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+0.3 

+0-3 
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o 
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Arg= 
xy'+i'g'+ig 
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+0.3 
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n'f  Bin, 
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// 

// 
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I     0  0 

+0.  2023 
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— I     2 —  I 

— 0.  28 
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—I     3—  I 

+0.  25 

—0.  33 

+0. 02 

—0. 06 

0     2 —  I 

+0.09 
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+0.07 

I      I —  I 
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+0. 29 

—I     4—  I 

— 0. 02 
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0     3—  I 

+0.06 

+0,08 
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I     2—  I 
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— 0. 03 

— 0.  01 

I     3—  I 
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—I     4—  2 
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+0.  36 

-I     5-  2 
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— 0. 10 

+0. 03 

—I     6—  2 

—0. 1 26 
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7—0.  on 

+0. 008 

0  5-2 
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I     4—  2 

+0.167  • 

—0.  156 

+0, 014 

—0.018 

I     5-  2 

+0.  024 

—0.032 

+0.004 

+0.019 

-I     7-  3 

—0.  22 

—0.  15 

-3     8-  3 

—0.  09 

— 0. 01 

0  7-3 

+0.07 

+0. 01 

— I  10 —  4 

— 0. 025 

— 0. 026 

—I    II— 4 

—0.009 

— 0. 002 

0  10 —  4 

+0. 0047 

+0. 0007 

+0. 0002 

+0.0001 
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The  fourteen  parts  of  S^T'  which  are  multiplied  by  n^H^  follow ;  for  convenience 
the  coefficients  are  multiplied  by  loooooo: 


A'n'5V 

B'5y' 

G'5v 

Arg= 

n'H^  ein. 
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itt      V  J31U« 
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i'  t 

// 

// 

n 

// 

n 

tt 

// 

O 

o  o 
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+0.3 
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I  o 
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—2.79 

—4.  18 

+3.84 
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+3.600 

—3. 307 

—1 

3  o 

+0.5 

—  1.4 

+0.4 

—  1.3 

0 

2  O 

I  o 

— 0. 1 

+  0.4 

— 0.  I 
—0.3 

+  0.4 
+  0.6 

— 0.  2 

+0.4 

— I 

0 —  I 

0 — 

I   I 

—I 

I—  I 

 0. 8 

4-  I  0 

 A  0 

-j-  0. 4 

2 

4-0  A 

-t^u.  4 

o 

O—  I 

11.4 

n^4-  7 

•—■10.  0 

1  

I—  I 

— 0.5 

+  1, 1 

2 —  I 

— 0. 36 

-    I.  18 

+0.  21 

+  3.01 

—0.  27 

+0.16 

+0.  14 

0.00 

o 

—0.  2 

+  0.1 

+0.1 

—  2.6 

+0.  4 

— 0.  6 

— 0.  3 

+0.3 

O —  I 

—0.  I 

—  0.  3 

— 0.  7 

+0.  7 

+0. 3 

— 0.  3 

3—  I 

—2,  01 

  1.40 

+7.  32 

-1-0.51 

+  1.45 

+  1. 14 

+0.  98 

+0,  69 

0 

2—  I 

+9.76 

+  8.29 

— 8. 56 
+0.91 

—  7-58 
+  0,79 

—  I.  21 

-I-0.I3 

— 0.  93 
+0.  10 

— 0.  76 

— 0, 52 

—I 

4—  I 

+  I.3I 

  0.42 

+2.48 

+  0,55 

+0.51 

+0.14 

+0. 39 

— 0.  02 

o 

3—  I 

+  1.  01 

+    I.  19 

—2.  30 

—  0.77 

— 0. 45 

—0.  13 

—0.31 

— 0. 01 

I 

2 —  I 

— 0.  II 

—  0. 14 

0.00 

—  O.OI 

+0. 05 

— 0.01 

+0. 02 

— 0.  02 

5 —  I 

+0.4 

—  0.3 

+0. 2 

—  0.2 

o 

4—  I 

— 0.  2 

+  0.  2 

— 0. 2 

-1-  0. 1 

2—  2 

+8.3 

+  2.2 

-5.8 

-  1.5 

—2,6 

—0.8 

Q 

I-^  2 

-4-5 

—  1.2 

+3-9 

+  0.9 

+3.9 

+  1.4 

+5.4 

+  1.8 

I 

O—  2 

-5 

— 2 

—1 

3—  2 

+2.3 

—  2.4 

— 2. 6 

+  I.O 

—3.3 

+0.3 

0 

2 —  2 

—  1.0 

+  1.5 

+  1,2 

—  1,2 

• 

4 —  2 

—4.04 

+  6.60 

—3.  34 

+  5, 81 

— 0. 1% 

+  1.63 

— 0. 42 

+0.  04 

o 

3—  2 

+  1.9 

—  3.5 

+2.1 

-  3.8 

+0.6 

—1.4 

+0.3 

—0.8 

5-  2 
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+0.  084 

+  2. 529 
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+0.  136 

+0. 060 

+0. 076 

0 

5-  2 

—0. 3414 
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+0. 052 

+  0.027 

+0.031 

—  0.010 

+0.013 

+0.013 

+0.010 

+0.004 

7—  2 

+0.1 

+  0.1 

o 

6-  2 

— 0.  II 

—  0.06 

5-  2 

+0,013 

—  0,003 

+0. 003 

—  0.004 

+0.004 

0.000 

+0. 002 

—0,001 

3-  3 

+  8 

0 

-  5 

0 

+  1 

o 

2-  3 

0 

-  5 

0 

+  3 

4—  3 

+1.6 

+  3.1 

— 1,0 

—  1,6 

o 

3—  3 

—  2 

+1 

+  I 

CALCULATION  OF  THE  SEVERAL  PORTIONS  OF  6^'. 


427 


F'«5% 

0'$v 

n'H^  sin. 

n'^i*  COS. 

n'^P  ein. 

n"^P  COS. 

n'2i2  sin. 

n'H^  COS. 

n'H^  sin. 

n"^t^  COS. 

H    i*  % 

// 

// 

// 

// 

// 

// 

// 

// 
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-4.5 
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—0.8 
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0     4 —  3 
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+3.3 
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-j-0.6 

^.7 

H-O.  2 

—0.3 

+0.1 
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+0.6 
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-j-o.  12 
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—0.03 

0  8—3 
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-5 
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0 

+4 

0 

+3 

—I     7—  4 

—I,  2 

-2.9 

-0.8 

-1.5 
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-1-2  1 

_|_o.  6 
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—  1  8—4 

—0.8 

—0.4 

—0.3 

0  7—4 

+0.7 

+0.5 

—  I  9—4 
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0.0 

0  8—4 

+0.  2 
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—1  10 —  4 

— 0. 065 
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+0.  ois 

— 0. 008 

+0.004 
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+0. 004 

—I    II—  4 

— 0. 006 

+0. 007 

0  10 —  4 

+0. 00$  I 
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-\-o.  0026 

— 0.0044 

H-o.  001 1 
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+0. 0005 

— 0. 0007 
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I  dF'    J.  „ 

2^^"^^>' 

n'^r-  sin. 

n'»*2  COS. 

n'H^  ein. 

n'H^  COS. 

n'2i»  sin. 

n*H^  COS. 

n'^i^  sin. 

n'2f3  COS. 

// 

// 

// 

// 

// 

// 

// 
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-|-o.  0004 

-1-0. 0031 

—  I        I  0 
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+0.3 
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0      I  0 

— 0. 23 
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I      0  0 
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—4. 641 

+0. 0722 

— 0. 0313 

-|-o.  0890 

— 0. 0310 

-|-o.  6146 

-0. 3815 

—130 

+0.3 

—0.6 
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— 0.  2 

+0.4 

— 0. 1 

+0.3 

1     I  0 

+0.4 

—1.0 

+0.5 

—1.2 

— I  0 —  1 

+2.3 

—1.9 

0 —  I —  I 

—  I.O 

+0.8 

— I     I—  I 

+0.3 

—0.4 

+0.3 

—1.0 

0    0—  I 

— 0. 2 

+0.4 

—I       2—  I 

— 0.  10 

-0. 83 

+0. 25 

+0. 29 

-^.08 

— 0. 35 

0       I —  I 

+0.4 

-|-2.0 

— 0. 2 

— 0. 1 

+0.1 

+0-3 

—I     3—  I 

+0.61 

-fO.  21 

+0. 16 

+0.  II 

— O.OI 
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0      2—  I 

— 0. 02 

+0.  25 
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— O.OI 

— 0. 02 

— 0.  22 

— 0. 12 

1       1—  I 

+0.9 
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6-  2 
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4-  3 
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5-  3 

7—  3 

6-  3 
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7-  3 

9—  3 

8-  3 

5—  4 

6 —  4 

5-  4 
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7—  4 
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n'^P  COS. 

n'H^  sill. 

n'3/«  COS. 

n'H^  cos. 

n'H'^  sin. 
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// 
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+0.  02 
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— 0. 07 

+0. 10 
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ArK= 
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Arg= 
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2   dr«  ^ 
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* 
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O       2  O 

0. 0 

 0.  2 

— I     I—  I 

— 0.  6 

+0.1 

0  0 —  I 

—0.6 

+0.1 

—  I       2—  I 

— 0.  25 

— 0.  19 

— 0. 02 

— 0. 08 

O       I —  I 

-l-o.  2 

-l-O  I 

-f-O.  I 

-1-0.4 

I       O—  I 

f 

1 

—0.4 

—I     3-  I 

-|-o.  44 

— 0. 10 

-|_0,  01 

0.  00 

0      2—  I 

-l-o.  71 

0. 00 

-f-O.  02 

I     I—  I 

— 0.  70 

-l-O.  IK 

—I     4—  I 

-1-0. 
i     •  JO 

— 0.  12 

0     3—  I 

— 0.  24 

-fo.  15 

I       2—  I 

—0.  12 

4-0. 06 

—  I       2 —  2 

—0.4 

— I.O 

-I     3-  2 

—0,  2 

— o-S 

—  I       4—  2 

-l-o  81 

0  3—2 

— 0.  1 

 0, 5 

-I     5-  2 

-j-u.  490 

—0.  023 

— 0.  024 

O      4—  2 

— 0.  1*7 

J/ 

-I       6—  2 

-l-O.  272 

-•l-O-  071 

~~o.  021 

— 0.  003 

0  5—2 

u.  1729 

— 0.  0427 

-|-0.  Otoo 

+0. 0035 

I     4-  2 

— 0.  024 

—0.  031 

I       5-  2 

-I-0.004 

— 0.  003 

—I     5—  3 

— 1. 0 

4-0.6 

o  4—3 

+0.6 

-0.4 

-I  6-3 

—0.3 

-j-0.  5 

0  5-3 

+0.1 

—0.4 

-I     7-  3 

0.00 

+0.  32 

o  6—3 

0.0 

—0.  I 

-I     8-  3 

+0.05 

+0.07 

0  7-3 

— 0. 04 

— 0. 05 

— I    10—  4 

— 0. 003 

-|-o.  019 

o    lo—  4 

— 0. 0004 

—0.0037 

CHAPTER  XX. 


THIRD  ORDER  PERTURBATIONS  OF  THE  MEAN  ANOMALY  AND  RADIUS-VECTOR  OF  SATURN  ARISING 
FROM  THE  MUTUAL  ACTION  OF  THIS  PLANET  AND  JUPITER. 

The  summation  of  the  fourteen  parts  of  ^^T',  given  in  the  preceding  chapter,  pro- 
duces the  following  expression: 


Arg= 

sin. 

COS. 

n't  sin. 

n't  COS. 

n'^P  sin. 

n'»t*  COS. 

X       »'  i 

O      0  0 

// 

// 

// 

// 

// 

// 

-|-  0.0422 

—  I       I  O 

—0  ooc6q*7 

4-   0.  ^7t;8 

4-    0.  iKd'X 

— 0.  ^dlO 

+  0.  2616 

-^I       2  O 

0. 0233 J 

4-    I  6a 

4-    2  01 

4-0.  C 

 8.0 

0  10 

 I  r\A  "5 

— u.  1 04  J 

—I.  66 

4-   I.  A? 

10  0 

n  nCnfiffi 

  12  AQC*7 

  8. 6862 

-|_o.  124 

4-  0. 

-130 

+0.037 

—0.033 

-  3-0 

—  2.6 

+  1.2 

—  4.4 

020 

— 0. 269 

+0. 363 

+  SS.6 

+  21.2 

—0.6 

+  2.9 

I       I  0 

+0. 284 

-^'453 

—  81. 1 

—  28.  I 

+0.6 

—  1.6 

—  140 

— 0.001 

— 0. 043 

—  7.9 

+  1.3 

030 

+0.  02$ 

+0. 597 

+106,4 

+  19.3 

I       2  0 

— 0. 032 

—1. 010 

-174.9 

+  28.5 

-150 

+  8 

+  20 

040 

+0.  25 

— 0. 03 

—  16 

—  42 

I     3  0 

—0. 152 

+0. 003 

+  14.7 

+  17.9 

0—  4—  I 

+  I 

—  2 

—I—  2—  I 

—0. 04 

—0,03 

+  7 

—  II 

0-  3—  I 

-  5 

+  5 

—I—  I—  I 

+0. 856 

— 0. 190 

+  11.9 

+  152.4 

0—  2—  I 

-0.S9 

-fo.  14 

—  10 

—108 

I-  3-  I 

-f-0.06 

— 0.02 

+  I 

+  16 

—I  0 —  I 

+0. 361 

— 0. 302 

+  39-9 

+  70.1 

+  I.S  ' 

—  1-3 

0—  I —  I 

— 0. 298 

-f  0.  261 

—  34.0 

—  56.4 

—  I.O 

+  0.8 

I —  2 —  I 

+0. 056 

— 0. 057 

+  5-7 

+  6.0 

—I     I—  I 

+0. 063 

—0. 123 

+  22.2 

+  17.4 

-5.0 

■  +  9.7 

0    0—  I 

— 0. 053 

+0.151 

—  27.2 

-  15.7 

+9.3 

—20.  9 

I—  I—  I 

0.000 

— 0. 008 

+  2.1 

+  0.4 

-0.5 

+  I.I 

—I     2—  I 

—0. 0079 

—0. 0880 

+  0.15 

+  0.90 

— 0.91 

—  1.24 

0     I—  I 

+0, 044 

+0.  205 

-  5.6 

—  1.3 

+0.7 

+  0.7 

I     0—  I 

— 0. 004 

— 0. 003 

-j-    2. 2 

—  0.6 

-0.5 

+  0.4 
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Arg= 

sin. 

coa. 

n't  sin. 

n'i  COS. 

n'H^  sin. 

COS. 

H 
—  I 

i'  i 
3—  I 

It 

+o,  0607 

ti 

+0. 0422 

-  0.75 

It 

+  0.41 

// 

+8.55 

// 

+  6.55 

0 

2—  I 

— 0, 0223 

—0. 0302 

—   6. 92 

+  3.70 

— 0.  30 

—  0.60 

I 

I—  I 

-|-o.  0261 

+0. 0564 

+  7.56 

—  8.64 

+0.90 

+  1.69 

— I 

4—  I 

+0.0060 

+0. 0069 

+    1. 61 

—  0,06 

+9.88 

+  0.  18 

0 

3-  « 

+0. 0320 

— 0. 0810 

-  15.67 

—  7.03 

—4. 34 

+  0.38 

I 

2—  I 

+0.1774 

+0. 1312 

+  17.66 

-  37. 53 

+0.38 

+  0.  20 

—I 

5-  I 

— 0. 608 

+0. 123 

+  37.5 

+  108.3 

+  1.2 

-  0.7 

o 

4—  I 

+  1.632 

— 0, 299 

— 100.  6 

—293. 2 

-0.5 

+  0.3 

I 

3—  I 

— 0. 2247 

+0. 0086 

+  13.27 

+  45." 

— 0.  23 

+  0. 18 

— I 

6-  I 

—   0. 2 

+  I.O 

o 

5-  I 

— 0. 022 

+0,019 

+  1.2 

+  0.9 

I 

4—  I 

+0,  OoO 

— 0. 063 

—  7-9 

—  10.  I 

o 

6—  I 

 0.  017 

+0.051 

I 

5-  1 

+  0.  032 

— 0. 095 

— I— 

I   2 

+  0.03 

— 0. 05 

+  13 

+  8 

0 — 

2 —  2 

— 0*  02 

+0.03 

—  8 

-  5 

— I 

0—  2 

+0. 29 

+0.61 

—116 

+  35 

o — 

I —  2 

— 0. 23 

—0.48 

+  88 

—  27 

I— 

2—  2 

+0.03 

+0.09 

—  16 

+  5 

—I 

I —  2 

+0.33 

+0, 26 

-48 

+  46 

0 

+  I 

o 

0 —  2 

— 0. 30 

— 0. 24 

+  45 

-  45 

I — 

I —  2 

+0.03 

+0. 01 

—  4 

+  5 

—I 

2—  2 

+0. 088 

+0. 01 1 

—  9.9 

+  22. 1 

+  1.2 

—  0.8 

o 

I—  2 

—0. 123 

+0. 013 

+  7.7 

—  21.0 

+8.7 

+  2.9 

I 

O —  2 

0 

+  I 

-5 

—  2 

—I 

3—  2 

— o-  233 

+0. 103 

+  0.9 

+  1.3 

"5.0 

—  0.6 

o 

2—  2 

+0.090 

-0.035 

—  0.4 

—  3.2 

+0.  2 

+  0.  2 

_I 

4—  2 

—0. 1369 

+0. 1844 

—  6.25 

—   5.  II 

—8. 89 

+16.  89 

o 

3—  2 

+0.  lOI 

— 0. 120 

+  12.3 

+  4.9 

+5.0 

—10.  7 

I 

2—  2 

— 0. 030 

+0. 030 

+  0.5 

+  1.2 

—I 

5—  2 

—0. 00889 

+0.06173 

—  2.871 

—  2.045 

+  1.027 

+  15.032 

o 

4—  2 

+0. 0232 

—0.  1062 

—  6.54 

+  1.05 

— 0. 86 

—  9- 32 

I 

3—  2 

— 0. 0470 

+0. 1913 

+  39-97 

—  0. 21 

— 0.04 

+  0.75 

— I 

6—  2 

+0. 140I5 

+0. 35715 

+  61.696 

—  37. 701 

+3. 022 

+  4.344 

o 

5-  2 

— 0, 0067136 

— 0.0181338 

+  0.6473 

+  0.2683 

—1.9944 

—  2.7721 

I 

4—  2 

+0. 1 5947 

+0. 35029 

+  55.634 

—  33- 729 

+0. 148 

—  0.080 

— I 

7—  2 

+0.097 

+0.055 

+  10.  2 

—  23.0 

—0.  2 

+  0.1 

0 

6-  2 

— 0.0610 

—0.0341 

—   2. 72 

+  7.80 

+0.  II 

—  0, 16 

I 

5-  2 

+0. 04632 

+0. 03598 

+    1. 413 

—     2.  500 

— 0. 294 

—  0.  118 

— I 

8—  2 

+0. 020 

— 0, 001 

—  0.7 

—  3.4 

o 

7—  2 

+0. 019 

+0.005 

+  0.4 

+  1.8 

I 

6-  2 

—0.051 

— 0.006 

o 

8-  2 

+0. 032 

— 0. 019 

— I 

o-  3 

+0.05 

+0. 02 

-  7 

+  19 

o— 

I—  3 

+  6 

-  7 

—I 

I—  3 

— 0.  38 

+0.28 

—  40 

—  72 
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Arg= 

sin. 

COS, 

n't  sin. 

n't  COS. 

n'^f*  COS. 

I 

i'  i 

o —  3 
—  I —  7, 

// 

+o.  30 
—0.04 

— 0.  25 

+0. 03 

it 

+  35 
-  8 

// 

+ Jo  _ 
—  12 

// 

tt 

—1 

2—  3 

—0. 14 

-ho.  32 

—  49 

—  34 

0 

1—  3 

+0. 10 

— 0. 25 

+  43 

4-  27 

I 

o-  3 

— 0. 01 

+0.03 

-  5 

—  3 

—I 

3—  3 

— 0.  01 

-|-o.  10 

—  16 

-  5 

—  I 

+  4 

o 

2-  3 

— 0. 01 

— 0.  Oo 

-r  23 

-f  3 

0 

—  2 

—I 

4—  3 

— 0. 180 

— 0.  267 

4-  0. 

0 

3—  3 

-|_0.  12 

-1-  6 

J 

4-  I 

4-  I 

—I 

S—  3 

— 0.  2i;2 

— 0.  126 

-1-  1.4. 

4-    0  I 

 1  c  2 

  18 

0 

4-  3 

_1_0.  14.0 

J-O.  072 

—  1.6 

4-     2  7 

4-2.4 

I 

3—  3 

-1-    1.  d 

-J-  1. 

6—  3 

— 0,  026 

-{-0.  oil 

-1-      2.  2 

—  2"?-  6 

4-4-2 

o 

5-  3 

— 0. 164. 

— 0.  006 

II. 

4-  61  I 

4-  0  ? 

I 

4—  3 

-1-0.  OO"? 

— 0.  009 

—  1.7 

  7.  7 

J*  0 

— I 

7—  3 

+0. 1813 

— 0.  Id.2K 

—  22-  'X± 

  28. 28 

4*  jy 

4.  4  Co 

4*  jy 

o —  3 

—  I.  XAA 

_|_IOO.  I 

4"  220.  6 

  2  0 

3* " 

I 

4-0. 506 

 3o,  5 

—I 

8-  3 

 0.  0017 

4"  41.02 

  1. 48 

,  .   0.  14 

o 

7—  3 

 0.  0S52 

  C  fio 

4-  \*i  *i% 
-f-  17.  70 

+     0.  27 

  0.  f\J 

I 

6—  3 

+0.  0039 

4-0.  0032 

—  0.49 

—  2.78 

+  0. 01 

—  0, 04 

9 —  3 

+0.0134 

-|-o.  0402 

+  12.73 

—  6.03 

—  0.39 

—  0.  64 

0 

8—  3 

—0.0178 

— 0. 0263 

-  6.35 

+  4.78 

+  0.15 

+  0.19 

I 

7 —  3 

-(-0.  0006 

-|-o.  0123 

+   1. 61 

—  0. 64 

—I 

10 —  3 

+0.  031 

4-0. 046 

+  1.4 

—  1.9 

0 

0 — 

y  o 

 0.  036 

— 0.051 

4-  1.9 

  I.O 

I 

8—  3 

— 0. 0006 

4-0. 0016 

—  0.37 

4-  0.09 

—I 

I—  4 

—  s 

—  2 

o 

o—  4 

-1-  K 

4-  1 

—I 

2—  4 

 0  21 

 0,  20 

4j 

—  41 

0 

I—  4 

-|-0.  21 

-l-O  17 

4.  1A 

34 

I 

o—  4 

4-  6 

—  5 

—I 

3—  4 

 22 



—  41 

0 

2—  4 

-|_0.  20 

-l-O  oi; 

4-  ifi 
-t^  30 

I 

I—  4 

—  5 

4—  4 

—0.  03 

0. 00 

3 

—  17 

0 

3—  4 

_|_o.  06 

02 

4-  r 
-|-  1 

4-  ifi 

5-  4 

_|_0.  22 

u.  25 

—  I 

0 

—  I 

0 

4—  4 

 0   I  2 

-l-O  14 

4-  2 

~r  3 

-r  I 

—  2 

—I 

6-  4 

-|-0.  06 

—0.  27 

—  3 

~r  2 

1 1 

0 

5-  4 

—0.03 

4-0. 16 

+  4 

+  5 

0 

+  9 

—I 

7-  4 

-f-o.  108 

—0. 177 

—  12.8 

-  16.  s 

-  3.5 

-  8.S 

0 

6-  4 

—0. 193 

4-0. 160 

+  II. 4 

4-  40.0 

+  2.3 

+  4-8 

I 

5-  4 

-f-o.  10 

— 0. 01 

+  5 

—  24 

— I 

8—  4 

—0.  722 

— 0. 738 

— 117.  I 

+157.2 

—  3.4 

—  2.4 

0 

7—  4 

+0,  423 

+0. 443 

4-  70.4 

—  92. 2 

+  1.8 

+  i-S 

I 

6-  4 

— 0.015 

— 0. 014 

—  4.9 

+  6.1 

25  AST  28 
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Arg= 
Hy'+i'g'+ig 

sin. 

COS, 

n  t  sin. 

m't  COS. 

n'H^  sin. 

WH^  COS. 

H     i'  i 
—  I     9—  4 

— 0. 390 

— 0. 085 

If 

—  11,6 

// 

-4-0"?.  <i 

// 

4-2.  8 

// 

4-0.  2 

0  8—4 

+0. 325 

4-0. 023 

4-  7.6 

—60.5 

—0.8 

0. 0 

I     7—  4 

— 0. 032 

4-0. 008 

4-  1.2 

+  3-2 

-—I    10—  4 

—0.08575 

4-0. 01461 

4-  10. 200 

4-24. 440 

4-1-317 

—0,725 

0  9—4 

+0. 0646 

— 0. 0189 

—  7.04 

—16.81 

 0.  72 

4-0.  50 

I       6 —  4 

+0-  033 

— 0, 003 

4-  0.9 

+  0.7 

—  I     II —  4 

-\~o,  02219 

— 0.  02872 

4-  4. 309 

4-  3. 296 

4-0.  214 

—0.374 

0  10 —  4 

-J-o.  010540 

— 0. 007515 

—  3- 3849 

—  2.5618 

 0.  I3IO 

4-0. 2400 

I       9—  4 

-|-o.  01023 

— 0.  01044 

4"  0. 812 

+  o-  332 

40.014 

— 0. 046 

0     II —  4 

-|-o.  0002 

4-0. 0010 

—I     3~  5 

+0. 07 

— 0. 14 

+  31 

A-20 

0     2—  5 

— 0. 05 

4-0. 12 

-  28 

—18 

_i     4_  5 

0. 00 

—0. 13 

+  32 

-1-  4. 

0  3—5 

0. 00 

4-0,  12 

—  27 

  e 

0 

—I     5—  5 

—o.  03 

— 0.06 

4-  10 

  1 

0 

0     4—  5 

+0. 03 

4-0. 05 

—  9 

4-  ^ 

—I     6-  5 

-fo.  23 

+0. 13 

+  3 

0  5—5 

—0. 16 

—o,  08 

+0. 23 

0.00 

0  6—5 

—o.  15 

0. 00 

4-  I 

-|-  ^ 

-I     8-  5 

+0.09 

— 0. 05 

—  6 

  I 

0  7—5 

— 0. 05 

4-0. 03 

+  2 

4-  A 

-J-  ^ 

—I     9—  5 

+0. 478 

—0.751 

— 158.S 

— 70.  9 

0  8—5 

—0.32 

+0-53 

4-108 

I     7—  5 

0. 00 

— 0.  01 

—  15 

—  6 

—I    10—  5 

+0.056 

— 0.  371 

—  93-0 

0     9—  S 

—0. 035 

4-0.309 

+  66.7 

—  A  A 

I     8-  5 

— 0. 005 

— 0. 055 

—  6.7 

-I-  2  I 

—I    II—  5 

— 0. 061 

— 0. 151 

—  25.  I 

4-16.2 

0   10—  5 

+0. 079 

4-0. 178 

+  i8-3 

-II. 9 

I     9—  5 

-— 0. 006 

— 0, 006 

—  0.8 

+  1.2 

-I    12-  5 

— 0. 0326 

— 0. 0329 

—  3-67 

4-  6.63 

0   II —  5 

-j-0,  188 

4-0. 124 

+  3-0 

—  6.0 

I  10 —  5 

— 0. 042 

— 0. 026 

0. 0 

+  0.3 

—I    13—  5 

-}-o.  0320 

— 0. 0149 

—     0.  25 

4-  0.88 

0  12 —  5 

+0, 001 1 

4-0. 0181 

4-  0,18 

—  1. 14 

I   II—  5 

— 0.  0017 

— 0. 0012 

—I     4—  6 

4-0. 10 

4-0.  02 

—  6 

4-16 

0  3—6 

— 0. 08 

— 0, 01 

+  4 

-15 

—I      5—  6 

4-0.09 

— 0. 02 

+  I 

+17 

0    4 —  6 

— 0. 08 

4-0. 01 

—  I 

—14 

—  I     6—  6 

+  4 

+  7 

0  5—6 

—  4 

—  6 

-I     7-  6 

— 0. 03 

4-0. 12 

0  6—6 

+0.  02 

— 0. 08 
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5^T' 

sin. 

COS. 

n't  sin. 

n'i  COS. 

n'2f»  sin. 

n'«i2  COS. 

H     i'  % 

// 

-^0. 02 

// 

+0.  II 

// 

// 

—  

// 

 ^s- 

// 

0     7 —  ^ 

—0. 01 

^—0.  Oo 

 J     Q   5 

_|_0  QA. 

—  3 

o     g  6 

— 0.  02 

0,  00 

4-  1 

+  6 

-|-0.  22 

-(-^0 

— 129 

o     9   6 

—V, 

 12 

 18 

+  99 

T      ^  ft 

-^0. 02 

"T  4 

—  17 

 1      IJ   ^ 

+0.  28 

— 0.  02 

—  66 

0  10 —  6 

— 0.  22 

+0.  03 

4-  Id 

I     9—  6 

+0.  03 

— 0. 01 

—  3 

—  6 

— I     12 —  6 

+0.  22 

+0.09 

—15-3 

  fC  I 

0    II—  6 

— 0.  28 

+0.  22 

+  12.3 

-I-    12.  A 

I  10 —  6 

—  2 

  I 

—I    13—  6 

— 0.  054 

+0. 150 

—  4.7 

  I.  ^ 

0    12 —  6 

+0.  023 

— 0. 060 

+  4.1 

4-    1. 1 

 I     6   7 

II 

+  3 

 I     8   y 

 0.  09 

0,  00 

0     7   7 

J_0.  07 

0. 00 

1      y  7 

 0.  08 

-J-U.  UJ 

0     8   7 

_|_o,  06 

, ,  0  01 

—V. 

 1     10—  7 

—0,  02 

4-  I 

—  7 

0      Q   7 

w      y  / 

—  4 

+  3 

—  I     II —  7 

— 0,  04 

-4-0.  \^ 

—  2 

0  10 —  7 

+0.  03 

—0. 27 

—76 

4-  1 

I     9—  7 

+14 

0 

—I    12—  7 

+0.  08 

+0.  22 

+51 

—  28 

0    II —  7 

— 0. 06 

— 0. 17 

—41 

-4-  21 

I  10 —  7 

+  5 

-I    13-  7 

-fO.  02 

+0.  02 

  1*7 

0   12 —  7 

—0.04 

— 0.  03 

—  9 

+  H 

 1    II   8 

i-  4 

Q 

0    10—  8 

—  5 

+  3 

—I    12-  8 

+16 

+  61 

0    II—  8 

—13 

-48 

I    10—  8 

-4-  2 

+  7 

—I    13—  8 

+29 

+  33 

0    12—  8 

—24 

—  28 

I    II—  8 

+  4 

+  3 

—I    13-  9 

—24 

+  13 

0    12 —  9 

+20 

—  II 
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In  precisely  the  same  manner  as  Wq  and  6Wo  have,  in  preceding  chapters,  been 
derived  from  T'  and  6T'  we  now  get  <5'^Wo'  from  6^T\  In  tlie  case  of  the  terms 
depending  on  the  arguments  ^g*—2g  arid  log'  —  ^g  the  motion  of  the  argument  has 
been  equated.    By  adding  T',  6T,  and        we  obtain 

T'+  d^T'ss    [    1.1238805  +  0.004092 i90W'<  —  o.oooooi9944n'2^2]  gin  (  5^'—  2g) 

+  [  2.7810935  —  0.00238367471'^  —  0.000002772 cos  (  5^7'  —  ig) 
+  [  0.0796974  —  0.0002940871'^  —  0.0000001310^'^^^]  sin  (io<;'—  ^g) 
+  [—  0.0812486  —  0.00022 1 88n'^  +  o.oooooo24oo?i'2<2]  cos  {log'  —  4g) 

In  the  case  of  the  argument  5^  —  2g  we  get  k  and  the  corrected  integrating  factor 

from 

log  H  =  7.1938508W  log  /I  —  1.4977415 

In  the  case  of  the  argument  10/  — 45^  the  similar  quantities  are 
log  H  =  7.5o6497^  log  pi  =  1. 1972902 

The  expression  just  written  can  then  be  transformed  into 

[  1. 1238805  —  0.000253577^'^  +  o.oooooo3582W'^^2j  gill  (  ^gt 

+  [  2.7810935  —  0.000627487^'^  +  0.0000002 2 7 in'2^^]  cos  (  ^g' 

+  [  0.0796974  —  0.0000332871'^  +  0.0000001 7o6n'2^^]  sin  (lo^f' 

_|-  0.0812486  +  o.oooo3394W'^  —  0.000000285411'^^^]  cos  (10^' 


Integrating  this  the  result  is 


■Wo'  +  rfWo'  +  rf*Wo'  =    [  - 

35.95457  +  0.00842664^'^  —  0.00001  i267n'2<2j  ^.qq  ^  5^'  — 

2g  +  xn't) 

+  [ 

87.22464  —  0.0190310711'^  +  0.000007 i43n'2<^]  sin  (  5*7'  — 

2g  +  KU't) 

+  [- 

1. 24551  +  0.000382571'^  —  o.ooooo26877i'2^2]  cos  (log*  — 

4g  +  jiu't) 

+  [- 

1.28572  +  0.000619171'^  —  o.ooooo44957i'2<^]  sin  {log^  — 

4g  +  xnH) 

35.95457  —  0.127871571'^  +  0.00006236771'^^^]  cos  (  sg^  — 

+  ( 

87.22464  —  0.075214171'^  —  0.0000861 7 97i'2^2]  sin  (  5^7'  — 

+  t- 

1. 24551  +  0.004509671'*  +  0.000001 7437i'2*2]  cos  (lo^jf'  — 

49) 

+  (- 

1.28572  —  0.003378971'*  +  o.ooooo33577i'2<2]  sin  (10^'  — 

49} 

If  from  the  latter  expression  we  subtract  the  following  (obtained  at  page  319) 

//  // 

Wo'+  dWo'=    [-  36.20315  -  0.126179871'*]  cos(  S9'—^9) 
.  +  [    87.71763  -  0.076790771'*]  sin  (  5f7'  -  2g) 
+  [—   1.02918  —  0.000660071'*]  cos  {log'  —  4g) 
+  [—  1.09555  +  0.000510671'*]  sin  (10^'  —  4^) 


—  2g+  un't) 

—  2g+  KU't) 

—  4^  +  un't) 
-49+  ^^'^) 
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we  get 

//  //  // 

6^Wo^  =    [    0,24858  —  0.001691771'^  +  o.oooo62367n'2f2J  cos  (  517' 

+  [—  049299  +  0.001576671'^  —  0.000086 1 7 97l'2i2J  gin  ^  ^gf 

+  [—  0,21633  +  0.005169671'^  +  0.00000 1 74371'^^^]  cos  (10^' 
+  [—  0.19017  —  0.003889571'^  +  0.00000335 77i'2i2]  {^^0^ 


The  value  of         follows : 


COS. 

sin. 

n't  COS. 

n't  ain. 

n'^t^  COS. 

n'2f3  sin. 

i'  i 

// 

// 

// 

// 

ff 

0  c 

4-  46.8621; 

I  0 

+0.  i04S+fc, 

+0. 0438+^3 

—603.51 

+1007.  93 

—437-  40 

—627.38 

2  0 

—0.  i64+[8. 45]fci 

— 0.  2S9+[8. 45]Z:2 

+  37.6 

+  9.7 

—  12.9 

—  19.2 

3  0 

—0. 001 

— o-  333 

-f  55.5 

+  8.5 

4  0 

— O.OII 

— 0. 020 

—  0. 1 

—     0.  I 

— 4 —  I 

—  0. 2 

+  0-3 

—3—  I 

— 0. 002 

-|-o.  009 

+   0. 8 

+  0,4 

— 2 —  I 

+0. 130 

+0.031 

+  1,9 

—  23.3 

—I—  I 

+0. 074 

+0. 062 

+  8.0 

—  13-6 

+    0.  2 

+  0.1 

0 —  I 

-}-o.  021 

+0. 030 

+  4-6 

—  5.6 

+  0.1 

+  1-7 

-f  0. 0089 

+0.047S 

—  2.63 

—  0.78 

—  2.07 

+  2.28 

2 —  I 

 0, 1444. 

—     0. 34 

—  10.73 

-T  12.70 

3-  I 

+0.  2896 

— 0. 4214 

+  65.58 

+  65.16 

+  2.67 

+  0.44 

4—  I 

— o- 3839 

— 0. 1381 

+  26.76 

—  60.81 

+  0.32 

+     0.  26 

s-  I 

— 0. 031 

—0.  033 

+  4.1 

-  3.6 

6—  I 

— 0.009 

—0.  024 

+  0.1 

—     0. 2 

— 2 —  2 

+0.004 

+0.001 

+  0.4 

—  0.8 

— I —  2 

-f  0.025 

— 0. 058 

—  ".3 

—  3-5 

0 —  2 

+0. 029 

— 0. 020 

—  3.9 

—  3.5 

0.0 

—  03 

I—  2 

—0.004 

— 0. 008 

—  1.4 

—  2.3 

+  1.5^ 

0.0 

2—  2 

— 0. 092 

— 0.044. 

+  0.6 

+  0.4 

-  2.7 

+  0.4 

3—  2 

— 0. 097 

— 0.  117 

+  10.4 

+  I.I 

—  7-4 

+  0.5 

4—  2 

+0. 1342 

+0. 8045 

+368.07 

—  44.88 

-  31.78 

+460.  1 1 

5-  2 

+0. 26876 

—0.49996 

—  18.561 

+  13-919 

-f  59-597 

—  81.901 

6-  2 

—1. 6194 

+1.1965 

—  45. 27 

-  85.03 

+  8.80 

—  3-64 

7-  2 

— 0. 013 

+0. 030 

—  1.2 

-  2.5 

8—  2 

— O.OII 

— 0. 006 

—J—  3 

+0. 005 

— 0.004 

-  0.5 

-  1.5 

0-  3 

— 0. 025 

— 0.015 

-  2.7 

+  4.7 

I-  3 

—0.  012 

— 0. 025 

—  31 

+  2.5 

2-  3 

— 0.006 

— 0.006 

+  0.6 

+  0.6 

—  0. 2 

-  0.5 

3-  3 

—0.031 

+0.044 

+  0.6 

+  0.8 

—   0. 2 

—     0.  I 

4-  3 

— 0.  061 

+0. 030 

+  0.9 

—  0.4 

-  3.5 

+  0.8 

5-  3 

— 0.  073 

+0. 007 

+  4.3 

-  6.9 

—  7.1 

—  2.2 

6-3 

— 0. 3219 

—0. 1746 

-f  55-95 

—  56.94 

—    8.  II 

—   8. 14 

-  2^) 

-  2?) 

-49) 

-49) 
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0*  Wo 

COS. 

sin. 

n't  COS. 

n't  Bin. 

n'^i^  COS. 

n'H'^  Bin. 

i'  i 

// 

// 

// 

// 

// 

// 

7-  3 

—0. 1628 

+0.3788 

—  88.  71 

—  39-45 

+  0.73 

+  1.46 

8-  3 

-|-o.  0240 

—0.0495 

+  6.87 

+  6.24 

—  0.02 

—  0.06 

9—  3 

+0.  01 2 1 

—0.0127 

—    1. 01 

—    1. 20 

o—  4 

  0. 2 

0.  0 

I —  4 

— 0.  000 

+0. 006 

■A-    2. 2 

+    2. 1 

-J-         ^.  M. 

2 —  4 

— 0, 007 

+0. 001 

-1-     0.  Q 

4-    2. 1 

^ —  4 

-J-o.  001; 

+0. 004. 

—    0. 4 

+  0.6 

4—  4 

+0. 023 

+0. 029 

+  O.I 

—  0'3 

+  0.  2 

+  0.5 

S-  4 

-f  0.010 

+0.039 

+  0.8 

—   0. 1 

+  0.5 

+  I.I 

6 —  4 

— 0. 003 

— 0.017 

—  2.2 

—   2. 0 

—  0.6 

+  1.7 

7-  4 

— 0. 238 

+0. 236 

-  38.3 

-53.8 

—  1. 1 

+  0.7 

8-4 

—0. 199 

+0. 088 

-  12. 5 

-  59.5 

+  2.0 

-  0.5 

9—  4 

+1.9273 

+0.4733 

—163.35. 

+390.03 

—20. 53 

—11.42 

10—  4 

—0. 22537 

— 0, 20540 

+  48.531 

—  36. 168 

+  1.557 

+  3.055 

2 —  S 

-l-o.oo^ 

+0.  oo^ 

+  0.6 

—   0. 4 

0. 000 

+0, 002 

+    0. 0 

0. 0 

4 —  ^ 

-|-o,  001 

+0.  001 

-1-  0.1 

0. 0 

<; —  <; 

-l-o,  01 1; 

— 0.  000 

+  0.  i; 

6-  5 

+0. 019 

0.000 

+     0. 2 

—  0.3 

7-  5 

+O.OIS 

+0.  on 

—  2.2 

+  0.1 

8-5 

+0. 068 

+0. 104 

—  26.0 

+  10.8 

9-  5 

+0. 01 1 

+0.077 

—  21.0 

—  1.9 

lo—  5 

—0.013 

+0. 036 

—  10.5 

—  7.3 

-l-o.  O'^Qd. 

— 0. 0006 

—  6.68 

—  11.76 

 0. 0678 

3-6 

-|-o.  002 

— 0.001 

—  0.2 

—    0.  2 

4-  6 

-|-o.  002 

+0. 001 

0.0 

—  0.4 

5-6 

0.0 

—    0.  2 

6-  6 

— 0. 002 

— 0, 006 

7-  6 

-|-0.  002 

— 0. 006 

8 —  6 

+0.  007 

— 0. 006 

—    0.  I 

+  0.3 

9 —  6 

-|-o.  060 

— 0. 028 

+  2.7 

+  12.5 

10 —  0 

+0-  032 

+0. 001 

—     2. 6 

+  7.0 

II—  6 

0.000 

— O.OII 

—  2.6 

+  2.2 

12 —  6 

— 0.  020 

— 0. 058 

—   1. 1 

+  0.3 

5-  7 

—  I.O 

—  0.3 

7—  7 

— 0.  003 

0.000 

8 —  7 

— 0.004 

— 0.001 

y  / 

_i_o  007 

+0,  001 

0, 0 

+   0. 6 

10 —  7 

— 0. 002 

— 0.019 

+  6.3 

0.0 

II —  7 

-|-o.  006 

— 0. 014. 

-4-  ^.8 

-1-   2. 0 

12—  7 

— 0.  002 

+0. 001 

+  0.8 

+  1.3 

lo—  8 

—    0.  I 

—  0-3 

II—  8 

+  0.7 

—  3.1 

12—  8 

+  1.5 

-  1.5 

12 —  9 

—  0.7 

—  0.3 
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n'H^  COS. 

n'H^  siu. 

i'  i 

// 

// 

o  o 

4-0. 00000001407 

1  o 

+0,0000001850 

+0.0000000413 

2  O 

-|-o.  0000000051 

+0.000000001 1 

I  (d. 

2  \ 

dy'  I 

sin. 

COS. 

n't  siu. 

n't  COS. 

n'«f3  sin. 

n'^P  COS. 

i'  { 

// 

// 

// 

n 

// 

u 

I  0 

+0.  1646 

— 0. 1232 

—297.  69 

—500.  26 

—214.75 

+310.  36 

2  0 

— 0.  046 

+0. 160 

+  23.3'' 

-  14-5 

—  12.3 

+  17.6 

3  0 

+0. 005 

+0. 259 

+  44.0 

—  8.0 

4  0 

+0. 025 

+0. 014 

+  0.8 

+  1-4 

—3—  I 

— 0. 003 

+0.005 

—  0.9 

0.0 

— 2 —  I 

— 0.  122 

+0. 028 

—   2. 1 

—  21.  2 

—I—  I 

— 0.  068 

+0.057 

-  7-8 

-  13.8 

—   0. 2 

0.0 

0 —  I 

—0.021 

+0. 046 

—  7-2 

—  6.0 

+  1.8 

—  3.0 

I—  I 

+0. 0104 

+0. 0926 

+  0.32 

-  1.05 

+  1-31 

+  1.57 

2 —  I 

+0.  0669 

+0. 0596 

+  1.66 

—  2.14 

+  8.45 

+  6.34 

3-  I 

+0.1711 

+0. 1366 

+  19-35 

—  37.77 

+  3-65 

+  0.25 

4—  I 

+0.  1141 

+0.  0212 

—  4-37 

—  24.  32 

+  0.48 

—  0.30 

5-  I 

—0.013 

+0.  020 

+  1.9 

+  I.O 

6—  I 

— 0. 007 

+0.  020 

+  0.1 

+   0. 2 

—2—  2 

—0.004 

+0.001 

—  0.4 

-  0.8 

— I —  2 

— 0. 029 

-0.057 

+  10.9 

—  3-5 

0—  2 

—0. 040 

— 0.  032 

+  5-8 

-  5-6 

I—  2 

— 0.012 

—0.003 

+  1.6 

-  3-6 

—  0.7 

—    0.  I 

2—  2 

+0. 063 

— 0. 030 

—  0.6 

—  0.3 

+  1-5 

+  0.3 

3—  2 

+0.  062 

— 0.  060 

—  6.0 

4-    I  I 
-J-    I.  1 

4—  2 

— 0.  0774 

+0.4493 

-166.  35 

—  22.48 

+  15.46 

+225.67 

5-  2 

+0.  15093 

+0.  35737 

+  59.296 

-  35-980 

+  1-534 

+  2.073 

6-  2 

—0.  7888 

—0.  5824 

—  18.  14 

+  34.45 

+  4*35 

+  1-79 

7—  2 

—0.019 

—0.033 

-  «.3 

+  1.8 

—I—  3 

— 0.001 

— 0. 002 

+  0.7 

—  1.0 

0-  3 

+0. 028 

— 0. 021 

+  3-0 

+  5-1 

I—  3 

+0.013 

— 0. 027 

+  4-1 

+  2.9 

2-  3 

+0.003 

+0.013 

•  +  1.8 

-  0.5 

3-  3 

+0.031 

+0. 039 

+  0.3 

0.0 

+  0.3 

0.0 

4—  3 

+0. 052 

+0. 025 

—  0.7 

+  0.5 

+  3.4 

+  0.7 

5-  3 

— 0. 002 

+0. 006 

+  0.4 

+  10.2 

+  '5-6 

—  1-7 

6-  3 

— 0.  0922 

+0. 0893 

+  11.02 

+  14.70 

+  4.88 

-   5.  II 

7-  3 

+0. 0023 

+0. 1481 

+  36. 5^ 

.  -  3.33 

—  0.06 

—   0. 14 

8-  3 

+0.  0053 

+0. 0270 

+  5-90 

—  2.73 

—  0. 12 

—   0. 20 

9—  3 

+0. 0066 

+0. 0083 

+  0.70 

—  0.49 
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I  Id. 

2\    dy'  ) 

sin. 

COS. 

n't  COS. 

n't  sin. 

n'H^  sin. 

n'H'^  COS. 

i'  i 

// 

// 

// 

// 

// 

// 

I—  4 

+0.017 

+0.012 

—  2.8 

+  2.8 

2—  4 

+0, 016 

+0. 003 

—  1.2 

+    2. 6 

3—  4 

+0.001 

+0.001 

+  0.2 

+  1-4 

4—  4 

— 0.022 

+0. 027 

+  0.1 

+    0, 1 

0.  0 

+0.1 

5-  4 

— 0. 008 

+0. 036 

+  0.1 

+  0.5 

—0.  2 

5   4 

+0. 002 

+0.  064 

+  4.4 

—     I.  Q 

+0.6 

+1.4 

/  4 

_J_0  IQA 

+30.0 

—  42.  7 

+0.8 

+0.6 

8—  4 

+0.  146 

J_0.  OKQ 

+  10.8 

—  39'  I 

— 0.9 

— 0.4 

ft  ■   ■  A 

u.  yi  ji 

i-o.  2253 

+78. 43 

+  186.46 

+9. 88 

—5.  44 

lo—  4 

' "  u.  uioyj 

+  2.470 

+    1. 736 

+0. 107 

— 0.  199 

2-  5 

— 0.004 

+0. 007 

—  1.6 

—  I.O 

3-  5 

0.000 

+0. 007 

—  1.9 

—  0.2 

4-  5 

+0.001 

+0.003 

—  0.6 

+    0. 2 

5-  5 

— 0.  019 

— 0.010 

—  0.2 

+    0. 2 

6-5 

— 0.  021 

0.000 

7-  5 

— 0.  014 

+0. 01 1 

+  1,9 

+    0. 7 

— 0.  070 

-J-o  111 
-(-u.  1 1  j 

+22.9 

4-  10  •? 

 010 

-j-o.  073 

+  19.0 

—    1. 7 

in   c 

+0.  022 

+  8.9 

—  6.3 

II—  5 

-(-o.  0300 

+0. 0323 

+  4-39 

—  7-85 

12   C 

+0. 0261 

—  0.  24 

+   0. 75 

3-6 

— 0.004 

— O.OOI 

+  0.2 

—  0.7 

4-  6 

— 0. 004 

+0.  001 

0.  0 

—   0. 9 

6-  6 

+0. 002 

— 0. 007 

7-  6 

— 0.001 

— 0.  008 

8   6 

— 0.  006 

+  0.1 

+     0.  Q 

— 0.  021 

—  2.2 

+  12.4 

10  6 

—0.  01J. 

+0.  001 

+  2,3 

+   7. 0 

II  6 

 r\  rtn^ 

u.  U03 

+  2.3 

+  2.4 

12 —  6 

+0. 014 

u.  ujy 

-4-  1.2 

+  0.3 

5-  7 

+  O.S 

—    0.  I 

7"  7 

+0,005 

0.000 

g   y 

-j-o.  005 

~— 0.  002 

— 0.  001 

—  0,4 

+  0.5 

lo—  7 

+0.003 

— 0.  028 

—  6.8 

+     0.  2 

II—  7 

— 0. 007 

— 0.  020 

—  4.4 

+  2.4 

12—  7 

 002 

 002 

—  1.2 

+  1.9 

lo—  8 

—  0.2 

0.  0 

II—  8 

—  0.9 

—  4.2 

12-  8 

—  1.9 

—  2.3 

12 —  9 

+  1.3 

—  0.7 
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) 

w'5f3  sin. 

n'H^  COS. 

i'  i 

// 

// 

I  0 

-f  0.  OOCXXXK>925 

^0rO000000206 

2  0 

+o.ocxxxxx)05i 

— 0.  OOOOOCXX>I  I 

Similarly,  as  in  the  case  of  Jupiter,  we  have  the  equation 


dt 


All  the  factors  involved  in  the  right  member  of  this  equation  have  already  been 
given.  But,  as  in  forming  the  product  (^^r^^'^-sf',  in  treating  the  terms  of  the  second 
order,  we  have  corrected  the  two  factors  for  the  terms  multiplied  by  n'^,  belonging 
to  the  arguments  g\  2g\  etc.,  and  which  result  from  the  previous  computation  of  SWo^ 


these  terms  must  be  omitted  from  the  factors  w'<5V  and  a^^*^' 


d .  V 


The  expressions  of  the  five  additional  products  involved  in    '^^  follow 


COS. 

sin. 

n't  COS. 

n't  sin. 

n'H^  COS. 

n'H^  sin. 

i'  i 

0  0 

1  0 

2  0 

3  0 

4  0 

// 

-0.3845 
+0. 013 
+0. 002 
+0.013 

// 

— 0. 2190 
+0.055 
+0. 131 
+0. 008 

// 

+  1.3876 
+47.  63 
—12.8 
—23.2 
—  2.0 

—62.  77 

—  2.7 
+  2.0 

// 

—4.  2695 
— 0.  23 
-1.9 
— 0. 1 

// 

0.00 

-  3.5 

—  0.  2 

—3—  I 
—2—  I 

0 —  I 

2 —  I 

3-  I 

4—  I 

5-  I 

—0.043 
— 0.019 
— 0. 003 
+0. 01 1 1 
+0. 0080 
+0. 0139 
+0. 3762" 
+0.010 

— 0.010 
—0. 015 
— 0. 007 
— 0. 0231 
+0.0113 
+0. 0689 
+0. 0809 
+0.0006 

—  0.3 

—  0.8 

—  3.1 

—  1.3 

—  0.05 
+  3.60 
—10.  88 
—24.44 

—  2.4 

+  0. 1 
+  8.2 
+  4.6 
+  0.9 
—  0.61 

+  3.51 
+  3.47 
+69.  92 
+  2.2 

— 2,0 

+2. 13 
—2.37 
+6.  32 
+0.  84 

—  3.7 

-  4.89 
+  2.78 
+  0.60 
+  I.  12 

—I —  2 

0—  2 

1—  2 

2 —  2 

3—  2 

— 0. 008 
— 0. 009 
— 0. 004 
+0. 002 
— 0. 001 

+0.016 
+0. 006 
+0.001 
+0.001 
— 0. 001 

+  3.2 
+  1.7 
+  0.3 
—  0.6 
—14.9 

+  1.0 
+  1.6 
+  0.6 
+  0.4 
+  9.5 

—  1.3 
+0'3 
-7.9 

+  0.3 
—  I.  I 

—23.9 
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m 

COR. 

sin. 

n'i  COS. 

n't  sin. 

n'«t3  COS. 

n'^i^  sin. 

zt 
♦ 

t 

It 

It 

4— 

2 

-fO.0015 

+0. 0063 

—91.48 

+  15.  79 

3.27 

— 162. 45 

5— 

2 

+0.  00594 

— 0. 01510 

9. 967 

—  3.022 

+  15.531 

—  25. 272 

6— 

2 

+0, 0381 

— 0. 0296 

— 52. 10 

— 69,91 

+147. 14 

—  76.41 

7— 

2 

— 0.  007 

0,000 

30 

—  3.6 

+  10.6 

—  4-4 

0— 

J 

+0.006 

+0.005 

+  0.7 

—  1.3 

3 

4-0. 002 

+0. 005 

+  0.8 

-  0.5 

2— 

3 

+  0.4 

—  0. 1 

0.  0 

+  0.5 

4— 

3 

0.0 

+  0.7 

+ 

0.4 

—   0. 1 

s- 

3 

+0.044 

— 0.001 

2.9 

+12.7 

+ 

0.6 

0.0 

6— 

3 

+0. 3240 

+0.  2040 

—39-  72 

+50.  65 

— 

0. 12 

—   0. 00 

7- 

3 

+0. 0454 

— 0. 0621 

+11.93 

+  9. 18 

+ 

0.  09 

-X-     0.  "XQ 

8— 

3 

+0. 0009 

+0.  0028 

+ 

2. 23 

+  3.53 

0.  08 

—   0. 38 

9— 

3 

— 0. 0188 

+0. 0256 

+  0.27 

+  0.52 

4 

0.4 

—  0.4 

2  — 

4 

0. 2 

—  0.4 

s- 

4 

0.0 

+  0.4 

6- 

4 

+0. 017 

— 0. 008 

1.9 

+  3-9 

7— 

4 

4-0.  oq6 

— 0.  oq6 

+  159 

4-21. I 

8- 

4 

4-0. 004 

 0.  017 

+ 

1.9 

—  3-S 

9- 

4 

— 0. 4295 

—0.    I  185 

+34. 62 

—80. 82 

0.  36 

—  0. 13 

10 — 

4 

— 0. 00229 

— 0. 00132 

3- 311 

—  2. 8g8 

0.  Ill 

—    0.  1  q  ^ 

4 

— 0, 0009 

+0. 0022 

+ 

7.28 

—  I.  71 

0.04 

—  0.39 

7— 

5 

— 0.004 

— 0.001 

I.O 

—  0.6 

8— 

5 

— 0. 023 

—0. 038 

+ 

8.1 

—  3-S 

9 — 

3 

— 0. 004 

— 0.  02"? 

+ 

4.6 

lO — 

5 

— 0. 002 

+0.  002 

+ 

1. 5 

4-  1. 1 

5 

— 0. 0082 

+0.0175 

+ 

0. 42 

-1-  0. 86 

12— 

5 

+0.0044 

+0,  0063 

+ 

0. 05 

—  0. 10 

9— 

6 

— 0.018 

+0.  006 

0.6 

—  3-2 

10 — 

6 

—0. 01 1 

—0. 002 

+ 

0.6 

—  1.9 

11— 

6 

0.000 

0.000 

+ 

0.6 

-  0.5 

12 — 

6 

+0. 005 

+0.012 

+ 

0. 2 

—  0. 1 

Arg=i'^'+iflr 

n'H^  COS. 

n'3f3  sin. 

i'  i 

1  0 

2  0 

3  0 

—0.0000000031 

+0.000000091 

+0.000000013 

// 

—0. 0000000068 
—0. 000000035 
— 0. 000000002 
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■^g — *  9  T^^y 

2I  / 

COS. 

sin. 

n't  COS. 

n't  sin. 

n'2t3  cos. 

n'2/«  sin. 

0  0 

1  0 

2  O 

// 

— 0.0I8I 
— 0. 008 

// 

— 0. 0059 
— 0.  001 

// 

+0.  3610 

+3-55 
+2.8 

n 

—5,86 
—1.7 

// 

— 0. 4998 
— 0. 25 
— 0. 1 

// 

+0, 24 
—0.  I 

0 —  I 

1 —  I 

2 —  I 

3—  I 

4—  I 

5—  I 

+0.004 
— 0. 0176 
— 0.0162 
—0.0010 

+0. 012 
+0.  0627 
+0. 0207 
+0,  Olio 

+0.  36 
+0. 12 
—  1. 00 
— 0. 29 
+  1.6 

— 0.  83 

—0.9s 
—2,53 

—  I.  76 

—  1.7 

— 0.  2 
—0.  27 
—0.08 
— 0.06 
+0,  29 
+0-3 

+0.4 
+1.19 
+0.  27 
+0. 07 
+0. 28 
+0.3 

1 —  2 

2—  2 

3—  2 

4—  2 

5—  2 

6—  2 

7—  2 

8—  2 

— 0.001 
— 0. 010 
+0. 002 
+0.0105 
+0. 00426 
+0. 0195 
— 0. 003 
— 0.004 

+0. 003 
— 0.004 
+0.003 
+0. 0365 
+0. 00003 
—0.0079 
— 0.001 
— 0. 002 

—0.3 
—0.6 
-2.54 
—0. 68s 
—1.05 
— 0. 1 

+0.1 

-ho- 3 
— 0.04 
— 0.  245 
-1. 17 
—0. 1 

+0.9 
+1.8 
— 0.  02 
+0. 041 
+0.83 
+2.7 

+0.5 
+2.0 
+0.  50 
—0. 151 
— 0.  70 
—0.  I 

3-  3 

4-  3 

5-  3 

6-  3 

7-  3 

8-  3 

9-  3 

— 0. 003 
— 0. 002 
— 0.001 
+0.0012 
+0. 0058 
+0.0019 
+0, 01 5 1 

+0. 003 
+0. 001 
+0.001 
—0. 0024 
— 0, 0094 
— 0. 0188 
— 0. 0231 

+0. 2 
-0.5 

—1.49 
— 2. 12 
+0. 68 
+0.  78 

+0.5 
+2.6 
+  1.00 
+  1.04 
+0.  80 
+0.  67 

— 0.4 
—0.04 
—0. 13 
—0.13 

—0. 1 
—0.  20 
— 0. 47 
+0.03 

6—  4 

7—  4 

8—  4 

9—  4 
10 —  4 
n—  4 

— 0. 002 
— 0. 006 
— 0. 0142 
— 0.01892 
— 0,0009 

0.000 
—0.005 
—0. 0062 
— 0. 01948 
— 0. 0017 

—0.4 
+0.  2 
+0.7 
— 0. 66 
+0. 910 
+3-24 

— 0, 1 
+0.  2 
+2.4 
+2.  70 
— 0.  704 
— 0. 70 

—0.7 
—1.09 
+0.  H3 
+0,09 

0.0 

— 0. 43 
+0. 191 
+  1. 17 

10-  S 

11-  5 

12-  5 

— 0. 006 
— 0. 0300 
— 0. 0055 

+0.01 1 

+0. 0145 

— 0.0001 

— 0. 4 
39 

+0. 02 

-0.3 
-1.05 
— 0.  23 

+0.09 

— 0. 02 

11—  6 

12 —  6 

— 0. 002 
— 0. 002 

— 0. 002 
—0,004 

Arg=iy+tfl' 

n'H^  COS. 

n'H^  sin. 

t'  i 

1  0 

2  0 

3  0 

// 

+0,0000000044 
+0. 000000001 
+0.000000005 

— 0.  0000000068 

—0.000000001 

+0.000000001 
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\  ciy' 

cos* 

sin. 

n  t  cos* 

n  t  Dm* 

n    t  UUs. 

n    I  Dill. 

t'  i 

// 

// 

// 

// 

// 

o  o 

+  I. 2216 

  0.  0010 

I  o 

— o.  1265 

—0. 1058 

— 20.  70 

+48.  72 

+  0.  12 

+  0.09 

2  O 

— 0. 005 

— 0. 002 

+  3.0 

-  0.5 

3  o 

— 0. 005 

— 0. 003 

+  2.3 

+  0.  2 

4  o 

— 0. 008 

+0.006 

+  1.6 

+ 

5  o 

—0. 009 

+0.004 

—4—  I 

— 0. 003 

+0.004 

—3—  I 

— 0. 004 

+0. 003 

—  0.2 

—  0.6 

—2—  I 

+  0.1 

—  0.8 

 1   1 

+0. 002 

+0.009 

+  1.7 

—  2. 1 

—  0.5 

—  0.8 

0—  I 

— 0. 008 

— 0. 004 

+  1.9 

—  0-7, 

I—  I 

+0. 0132 

— 0. 0396 

+  2.68 

+  0.74 

—  I.  26 

  1.04 

2 —  I 

+0. 0650 

— 0.0168 

—  4.27 

+  1.33 

+  0.  18 

—  0.31 

3—  1 

-f  0.0185 

— 0.0118 

+  3.16 

+  6.40 

+  5.23 

+  1.67 

4—  I 

— 0. 0031 

+0.0128 

—  0. 18 

+  3- 04 

+  0.39 

+  0.59 

5—  1 

-fo.  009 

+0. 024 

—  1.3 

+  2.6 

6—  I 

-j-o.  007 

+0.019 

7-  I 

—0.003 

+0,014 

O —  2 

—  0.6 

—  I.O 

I —  2 

+0.012 

— 0.001 

0.0 

—  0.9 

2—  2 

+0. 074 

+0. 033 

+  0.1 

—  0.4 

+  1.5 

-  0.3 

3—  2 

+0.047 

+0. 058 

-  5.5 

+  5.4 

-  8.5 

—  14.9 

4—  2 

— 0.0II9 

— 0. 0841 

+  2,04 

+  0.  18 

+  6.39 

+  23.  02 

5-  2 

+0. 00045 

— 0.01806 

—  7.214 

—  2.084 

+  15.183 

—24.  804 

6 —  2 

+0. 0026 

—0. 0035 

+  0.81 

+  1.38 

+20.  27 

—  11.76 

7—  2 

+0.053 

— 0. 006 

0.0 

+  0.  2 

+ 

-  0.6 

8—  2 

+0. 030 

+0.013 

I—  3 

—  0.  3 

+  0.1 

2—  3 

+0.001 

— 0. 003 

3—  3 

+0. 023 

—0. 029 

+  0.5 

—  0.6 

4—  3 

+0. 032 

—0.017 

—  0.4 

—  0.6 

+  0.6 

—  0.  2 

S-  3 

+0. 025 

— 0.  on 

+  0.5 

-  1.8 

+  1.2 

+  0,3 

6-3 

—0. 0023 

—0. 0303 

+  9-93 

—  2. 19 

+  0.40 

+  0.39 

7-  3 

—0. 0054 

+0. 0247 

+  6.80 

—  I- 13 

+  0.14 

+  0.45 

8-  3 

+0. 0045 

+0.0523 

+  I-4I 

+  0.88 

—  0.02 

—  0.08 

9—  3 

— 0. 0083 

+0.0168 

+  0.09 

+  0.07 

4—  4 

— 0.010 

—0. 013 

S-  4 

— 0. 004 

—0. 013 

6—  4 

— 0,  001 

— 0. 009 

+  2.  5 

+  0.9 

+  0. 2 

—  0.3 

7—  4 

—0. 007 

0.000 

+  2.2 

+  1.6 

+  0.2 

—  0.  2 

8—  4 

— 0. 047 

+0.016 

—  0.7 

—12.6 

—  0.  t 

0,0 

9—  4 

—0. 1678 

— 0. 0215 

+  21.32 

—50,00 

—  0. 16 

—  0.02 

10—  4 

+0.03340 

+0. 03602 

+  3-045 

—  2. 678 

—  0.059 

—  0.082 

II—  4 

+0.0009 

+0. 0038 

—  0.09 

—  0. 13 

+  0.02 

+  0.16 
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COS. 

sin. 

n't  COS. 

n't  sin. 

n'H^  COS. 

n*H^  sin. 

i'  i 

// 

// 

// 

// 

// 

6-5 

— o.  005 

0.  000 

7—  s 

— 0. 004 

— 0. 001 

8-5 

+0.8 

9-  S 

— 0.  006 

+0.  COS 

+2.6 

+0-3 

10—  5 

0.  000 

—0. 009 

+  1.7 

+  1.1 

11-  5 

+0.  0252 

—0.0048 

+0.51 

+  1.  21 

12—  5 

-f  0.0188 

-f  0. 0102 

+0.03 

— 0. 02 

lo—  6 

+0.3 

—1. 1 

II—  6 

4-0.010 

+0.009 

+0.5 

-O.S 

12 —  6 

+0.015 

+0.039 

+0.3 

0.0 

II—  7 

— 0-3 

— 0. 1 

n'H^  COS. 


n*H^  sin. 


% 

o 

o 
o 


+0. 0000000006 
+0. 000000092 
+0. 000000005 


.  0000000042 
.  000000034 
.  000000002 


2V' 

COS. 

sin. 

n't  COS. 

n't  sin. 

n'^i^  COS. 

n'««2  sin. 

i'  i 

// 

// 

// 

// 

// 

// 

0  0 

— 0.  7446 

+2. 1365 

1  0 

— 0.003S 

—0.0055 

+0.  82 

— 0.  28 

+  1.11 

+  0.77 

2  0 

— 0. 002 

— 0. 003 

+  1.1 

—0.  2 

—  I.O 

—  1.8 

3  0 

+0.4 

0.0 

0 —  I 

+0. 001 

+0. 002 

+0.6 

— 0.  2 

—0.6 

-  1.3 

I—  I 

+0. 0026 

— 0. 0022 

+0.09 

— 0.  38 

— 0. 05 

—  1.08 

2 —  1 

+0. 0002 

— 0. 0096 

—0. 17 

—1.23 

+0.61 

—  1.03 

3—  I 

— 0.0147 

+0. 0054 

-1.38 

—2.  72 

—2. 14 

—  0.62 

4—  I 

+0.0037 

+0. 0007 

— 0.  37 

+  1.86 

+0. 23 

+  0.49 

5—  1 

0.  0 

—0. 1 

2—  2 

+0. 002 

+0.001 

— 0.  2 

+0.1 

+0.4 

—  0.  2 

3—  2 

0.000 

+  0.001  • 

—4.2 

+3.7 

—4.1 

-  7.8 

4—  2 

+0. 0022 

+0. 0074 

-1.54 

+0.  28 

—0. 62 

+  2.79 

5-  2 

— 0. 00294 

+0. 00605 

+5.905 

+2.043 

-7.510 

+12.476 

6-  2 

+0. 0002 

+0. 0007 

— 0.  37 

-0.51 

+3.  28 

—  1.30 

7-  2 

+1,2 

—  0. 1 

5-  3 

+0.013 

—0. 001 

-0.7 

+3.7 

6-3 

— 0. 0002 

—0. 0074 

+3.  93 

—I.  16 

—0. 16 

—  0. 13 

7-  3 

— 0. 0017 

—0.001 8 

— 0.  26 

— 0.  96 

— 0. 05 

-  0.  15 

8-3 

+0. 0002 

— 0.0009 

— 0. 38 

— 0.  58 

— 0. 02 

+  0. 10 
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2V* 

COS. 

sin. 

n'H^  COS. 

n'H^  sin. 

n't  COS. 

n't  sin. 

i'  i 

// 

// 

// 

// 

// 

// 

6-4 

+0.5 

+0.  2 

7—  4 

+0.7 

+0.6 

8—  4 

— O.  02I 

+0. 007 

—1. 0 

—7- 1 

9—  4 

+0. 0038 

+0. 0017 

—  1.23 

+2.43 

10 —  4 

+0. 00038 

—0.00017 

—  I.  132 

+1.132 

+0. 052 

+0.  073 

n—  4 

+0. 39 

— 0. 04 

10 —  5 

— 0. 004 

+0. 006 

II-  5 

-fo.  0052 

+0.0018 

12-  S 

— 0. 0008 

—0. 001 1 

0. 00 

— 0. 04 

2V' 

Sv' 

Axg=i'g''\-ig 

n'H^  COS. 

n'H^  sin. 

i'  i 

// 

I  0 

-fo.  0000000031 

—0. 0000000024 

2  0 

+0. 000000046 

— 0.  000000017 

3  0 

+0.000000004 

0.000000000 

d  .  6 
dt 

COS. 

sin. 

n't  COS. 

n't  sin. 

n'H^  COS. 

n'^^  sin. 

i'  i 

0  0 

1  0 

// 

// 

// 

— 0. 0777 
— 0.  30 

// 

+0.  47 

// 

— 0. 0073 

// 

1—  I 

2 —  I 

3—  I 

4—  I 

+0. 0004 

— 0.0001 

+0.  14 
+0.  II 
+0. 02 

+0.  10 
+0. 08 
— 0.  08 

— 0. 06 
+0.  18 
+0. 15 

-fo.31 
+0. 02 
— 0. 05 

2 —  2 

4—  2 

5—  2 

6—  2 

—0. 0001 
— 0. 00054 

— 0.  0012 
+0. 00053 

— 0.019 

+0. 008 

+0-3 
— 0. 12 
-^0. 076 
— 0.  38 

+0.1 
— 0.  94 
— 0. 115 
+0,  25 

6-  3 

7-  3 

+0. 0003 

+0.0004 

— 0. 06 
+0.  12 

+0.  08 
+0.09 

9-  4 
10-—  4 

+0.  06 
—0. 037 

— 0.  23 
+0.001 

— 0. 001 

— 0.  005 

A.rg=i'g'-^ig 

dt 

n'3f3  COS. 

n'H^  sin. 

i'  i 
I  0 

// 

— 0.  0000000047 

// 

+0. 0000000075 
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The  addition  of  the  six  terms  of  — —  gives  the  following  expression  for  this 
quantity: 


Arg—i'g'+ig 

dt^  

COS. 

sin. 

n't  COS. 

n't  sin. 

n'»f»  COS. 

n'»t»  sin. 

i'  i 

// 

// 

// 

// 

// 

0  0 

+  32. 1644 

,  +  44.2214 

I  0 

— 0. 4284-1-^1 

—0.  2924+^^2 

-572.51 

+988.  21 

-436.65 

—626.  28 

2  0 

— 0.  i66+[8.  44]A;i 

— 0.  240+[8.  A.4]^2 

+  31.7 

+  9.2 

~  15-9 

—  24.6 

3  0 

— 0.004 

— 0.  205 

+  35.0 

+  6.0 

—  0. 1 

~    0. 2 

4  0 

— 0.006 

— 0.006 

-  0.5 

+  3.0 

5  0 

—0.009 

+0.004 

—4—  I 

— 0. 003 

+0.004 

—   0. 2 

+  0.3 

 -5   I 

— 0. 006 

+0. 012 

+  0.3 

—    0. 1 

—2—  I 

+0. 087 

+0. 021 

+  1.2 

—  15*9 

—  I—  1 

+0.057 

+0. 056 

+  6.6 

—  II.  I 

-  0.3 

-  0.7 

0 —  I 

+0.015 

+0.033 

+  5.8 

-  5.6 

~  2.7 

-2.9 

I—  1 

+0.0182 

+0.0453 

+  0.45 

—  1.86 

-  1.58 

—  3.23 

2—  I 

— 0. 0870 

+0.  1089 

—  7.92 

+  2.42 

—  18.21 

+  14.51 

3-  I 

+0.  3063 

—0. 3479 

+  55.59 

+  69.86 

+  12.17 

+    2.  II 

4-  I 

— 0. 0071 

—0. 0437 

+  1.50 

+  12. 17 

+  2.07 

+  2.74 

5-  I 

— 0.  012 

— 0. 003 

+  2.0 

—  0.6 

+  0.3 

+  0.3 

6—  I 

— 0.  002 

— 0. 005 

+  0.1 

—   0. 2 

7-  I 

— 0.  003 

+0. 014 

— 2 —  2 

+0.004 

+0.001 

+    0. 4 

—  0.8 

—I —  2 

+0.  017 

—0. 042 

—  8.1 

-  2.5 

0—  2 

+0,  020 

— 0.014 

—  2.8 

—  2.9 

0.0 

—  0.3 

I—  2 

+0.003 

—0.005 

—    1. 1 

—  2.6 

+    0. 2 

+  0-3 

2—  2 

— 0.  024 

— 0. 013 

—  0.4 

+  0.6 

+  0.7 

—  0.6 

3-  2 

—0.  049 

— 0. 056 

—  14.8 

+  20.0 

—  26. 1 

—  44. 1 

4—  2 

+0. 1364 

+0. 7694 

+274. 55 

-  28.59 

—  29.42 

+323.03 

s-  2 

+0.  27593 

,_o.  52651 

-  30.  541 

+  10.619 

+  82,  766 

—119.  767 

6 —  2 

-1.5590 

+1. 1562 

-  97. 98 

—155.24 

+  179. 94 

-  93. 56 

7-  2 

+0.  030 

+0. 023 

-  4.3 

—  6.0 

+  15.6 

-  5.2 

8—  2 

+0.015 

+0. 005 

-I-  3 

+0. 005 

— 0. 004 

-  0.5 

-  1.5 

0—  3 

—0.019 

— 0. 010 

—  2.0 

+  3.4 

I—  3 

— O.OIO 

— 0. 020 

—  2.6 

+  2.1 

2-  3 

—0,005 

—0.009 

+  I.O 

+  o.s 

—  0. 2 

0.0 

3-  3 

— o.ou 

+0.018 

+  0.6 

+  0.8 

+  0.3 

—  0.7 

4—  3 

— 0. 031 

+0. 014 

+  0.7 

+   0. 2 

-  2.5 

+  0.5 

5-  3 

+0. 008 

— 0. 005 

+  0.7 

+  10.3 

-  5.7 

—  2.0 

6-  3 

+0. 0008 

— 0. 0107 

+  28.54 

-  8.56 

—  8.03 

-  8.17 

7-  3 

— 0. 1 184 

+0. 3306 

—  72.  24 

-  31.23 

+  0.78 

+  1.59 

8-  3 

+0.0315 

— 0. 0141 

+  10.81 

+  10.87 

—  0.  II 

-  0.39 

9-  3 

+0.0001 

+0.0066 

+  0.13 

+  0.06 
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d  .  d^z' 

dt 

Arg=i'i7'4-ii7 

COS. 

sin. 

n't  COS. 

n't  sin. 

n'^tP'  COS. 

n'H^  sin. 

i'  i 

// 

// 

// 

// 

o —  4 

—    0. 2 

0.  0 

I —  d. 

— o.  009 

+0. 006 

+  1.8 

+  1.7 

—0.  007 

+0. 001 

+  0.7 

+  1.7 

•A-o.  ooi 

-j-o.  004 

—[-V.  \yvj>^ 

—  0.4 

+  0.6 

4 —  4 

4-0. 01 1 

+0. 016 

+  0.1 

-  0.3 

0.  2 

4-  0, 1; 

5-  4 

-f  0.006 

+0. 026 

+    0. 8 

+  0.5 

+  i.i 

6-4 

+0.013 

—0.034 

4-    2  fi 
-f-    z.  0 

+     2.  9 

—  0.4 

+  1.4 

7—  4 

—0. 151 

+0. 140 

—  ^y-  J 

—  30-  3 

—  0.9 

+  0.5 

8—  4 

— 0. 269 

+0. 089 

  11,6 

—  00.  3 

+  1.2 

-  0.5 

9—  4 

+  1.3196 

+0. 3288 

 109.  24 

-^264*  1 1 

— 22. 14 

—12.00 

10 —  4 

— 0. 21280 

—0. 19035 

—  41*  3^5 

+  1.551 

+  3.079 

II-  4 

— 0. 0009 

+0. 0043 

+  10. 82 

  2. 66 

+  0.07 

+  0.94 

4-0. 001 

4-0. 001 

+  0.6 

—  0.4 

1 —  1 

0. 000 

-\-o.  002 

+  0.9 

0.0 

4. — 

-[-0. 001 

+0.  00 1 

+  0.3 

0.0 

5 —  5 

-l-O.  01  "J 

— 0.  000 

+  0.5 

+  0.5 

6-  5 

+0.014 

0. 000 

0. 2 

—  <^-3 

7-  5 

+0. 007 

+0. 009 

  1 .  2 

—     0.  5 

8-  5 

+0. 045 

+0.  066 

—  17. 1 

+  7-0 

9-  5 

+0. 001 

+0, 059 

—  13.8 

—  1-3 

lo-  5 

—0. 025 

+0. 046 

—   7. 7 

—  S-4 

5 

+0. 0316 

+0. 0284 

  5^  14 

—  10.  74 

+  0.09 

—  0.02 

12—  5 

— 0. 0374 

—0. 0525 

1. 01 

3—  6 

+0,  002 

— 0.  001 

—   0. 2 

—   0. 2 

4—  6 

+0. 002 

+0.  001 

0. 0 

—  0.4 

5—  6 

0.0 

—   0. 2 

6-  6 

— 0. 002 

— 0, 006 

7-  6 

+0.  002 

— 0.006 

8-  6 

+0.007 

— 0. 006 

—   0. 1 

+  0.3 

9-6 

+0. 042 

— 0. 022 

+  2.1 

+  9-3 

lo—  6 

+0.  021 

— 0.001 

—  1.7 

+  4-0 

u—  6 

— 0.008 

—0.004 

—   1. 5 

+  1.2 

12 —  6 

— 0.002 

— O.OII 

  0. 6 

0. 2 

5—  7 

—  I.O 

—  0.3 

7—  7 

— 0.  003 

0.000 

8-  7 

— 0.004 

— 0. 001 

9—  7 

+0.  007 

+0.001 

0. 0 

+  0.6 

10 —  7 

— 0.  002 

— 0.019 

+  0,3 

0. 0 

II—  7 

+0. 006 

— 0. 014 

+ 

+  1.9 

12—  7 

—  0.  002 

+0.  001 

+  0.8 

+  1.3 

lo—  8 

—   0.  I 

—  0.3 

11—  8 

+  0.7 

—  3-1 

12—  8 

+  1.5 

-  1.5 

12—  9 

-  0.7 

—  0.3 
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dt 

n*H^  COS. 

n'H^  sin. 

i'  i 
I  o 

// 

-f  0.0000001853 

// 

^070000000286 

2  O 

-fo.  0000002351 

— 0. 0000000859 

3  o 

+0. 000000027 

— 0.000000003 

On  integrating  this  expression  we  arrive  at  w'5V.  In  order  to  make  the  terms 
depending  on  the  argument  disappear  it  is  necessary  to  put  A;ir=  +  o".3287  and 
A:2=+o".2339.  In  the  case  of  the  terms  involving  the  arguments  5g'  —  2ff  and  log^—^g 
we  equate  the  motions  of  the  latter.    By  adding  the  values  which  have  been  obtained 

"~3r^'  ~~3r^'         ^"ST"  taking  the  liberty  of  calling  the  sum  ^  ' 


dt 

d  .  dz' 
dt 


dt 


=  [  —  35.06817  —  0.150436511'^  +  o.oooo82766n'2*^]  cos  (  sg' —  2g) 
+  [  84,57304  -o.o853558n'f-o.oooii9767n'2#2]  sin  (  $9' -  ^ff) 
+  [—  i.i7743  +  o.oo478o7n'<  +  o.oooooi55iw'2<2]  cos  (10^'  — 4^) 
+  [—  1.22444  —  o.oo3599on'*  +  o.ooooo3079n'2<2]  sin  (10^'  —  4^) 

For  this  expression  may  be  substituted 
d  ,dz'  ^' 

— [—  35<o68i7  +  0.008129871'^  —  0.00001 563171'^^^]  cos  (  5^'—  2g  +  nn't) 
+  [  84.57304  —  0.019606411'^  +  0.0000 1 3638n'2^2]  sin  (  5^7'  —  2^  +  nn't) 
+  [—  1. 17743  +  0.000498771'^  —  0.00000383 5n'2<2]  cos  (10^'  —  4£r  +  xn^t) 
+  [—  1.22444  +  0.000518671'^  —  0.0000061 527i'2^3]  sin  (10^7' _  4^+  m!t) 

where,  in  the  case  of  5^  —      n  and  the  corrected  integrating  factor  are  determined  by 


log  H  =  7.272979on 
and,  in  the  case  of  lo/— 4^,  by 

log  K  =  7.5437171 
Integrating  the  last  expression  we  obtain 


log  /<=  1.5020293 


log  fx  =  I-I992594 


n*dz^  =  [—  1 132.9347  +  0.28582471'^  —  0.0004966 sin  (  5^7'—  2g  +  xnH) 
+  [—  2677.8791  +  0.59135871'^  —  o.ooo433297t'2^2]  cos  (  5^7'  —  2^  +  xn^t) 
+  [—  18.4689  +  0.00481  in*t  —  o.oooo6o677i'2<2]  sin  (10^7'  —  4^7  +  nn^t) 
+  [        19*4491  —  o.oioi26n'^  +  0.0000973471^^2]  cos  (10^'  —  4^7  +  un^t) 

By  developing  this  expression  and  subtracting  therefrom  the  value  of  w'5/  +  w'5V  we 
should  have  n'5V ;  but  as  this  quantity  has  no  particular  interest  we  omit  its  deriva- 
tion, and  in  the  following  value  of  n'5V  the  terms  corresponding  to  the  arguments 
y  —2g  and  log'—^g  are  not  given. 
25  i.ST  29 
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In  writing  a  final  form  for  the  great  inequality  of  Saturn,  we  prefer  to  still  further 
equate  the  motions  of  the  arguments,  so  that  the  sum  of  the  squares  of  the  multipliers 
of  n't  in  the  coefficients  may  be  a  minimum.  This  gives,  severally,  in  the  cases  of 
Sg'—2g  and  log'—^g 

log  «  =  7'27C'3S65^  K  =  7.5272871 

and  the  final  form  of  n!6z'  will  be 

ff  ff  Of  // 

n'dz'—    [2907.676  —  o.65599on'<]  sin  (  5^'— 2^+ «n'^  +  247  4  5.37) 

+       o.ooo656o2Ji'^^2          sin  (  5*7' —  2^  +        +  221  41  33  ) 

+  [    26.8211  —  o.oio659«'^]  sin  (io<7'— 4<7  +  ;in'^  +  133  31    9.3  ) 

+       0.0001  i466n'2i2          sin  (io<7'  — 4<jr+ +  122  38  ) 


The  great  inequality  excepted,  the  expression  of  w'5V  follows.  The  proper 
number  of  decimals  is  restored  to  the  factors  of  w'f  and  r^^^ : 


sin. 

COS. 

t'  i 

//           //  // 

li              It  n 

0  0 

+O.OOl6o822«'2^3 
1  r\  ormoT>( *7>(nC#f '3/3 

I  0 

— o.o585o5«'/— 0.  ooo436s6/?'2/a 

— 0. 099b94«V+o.  ooo62684?:'2/2 

+0.  ooooooi853«'V8 

—0.  O0O000O286w'3/3 

2  0 

— 0. 0784+0.  ooi595«V — 0.  ooooo8oow's/3 

+0. 1 177 — 0.  ooo47o«V — 0. 00001 25o»'*/2 

-fo.  0000001 1 75«'3/3 

+0.  ooooooo42g«'3/3 

3  0 

— 0. 0012+0, 001167W'/— 0.  ooooooo3«'2/2 

+0.  0686 — 0.  000200«'/+0.  ooooooo7«'*/« 

+0.  O000O0009O«'3/3 

+0.  OOOOOOOOIO«'3/3 

4  0 

— 0.  0015 — 0.  OOOOI2W'/ 

+0. 0015 — 0.  oooo75«V 

5  0 

—0.0018 

—0.0008 

—4—  I 

+0. 0005+0.  ooooo3«'/ 

+0. 0006+0. 000005WV 

—3—  I 

+O.OOII— 0. 000005?/'/ 

+0.  0022 — 0.  000002«'/ 

— 2 —  I 

— 0. 0194 — 0. 000027W'/ 

+0. 0047—0. 000355/?'/ 

—0. 0164 — 0.  oooi89«'/+o.  ooooooo9«'2/8 

+0. 0161 — 0.  ooo3i9«V— 0.  oooooo2o«'*/* 

0 —  I 

— 0. 0060 — 0. 000234^7+0.  oooooio9«'2/8 

+0. 0133 — 0. 000226/?'/ — 0. 000001  i7w'2/2 

1 —  I 

—0. 0123—0.  oooo33«7+o.  oooooio7w'3/3 

+0, 0305—0. 000127/:'/ — 0. 000002 1 8/:'2/2 

2—  I 

+0. 1806+0. 001 763//V+0.  oooo3768«'2/« 

+0. 2216+0,  ooo346??'/+o.  oooo3oo3w'2/2 

3—  I 

+0.  6187+0.  oio777«7+o.  oooo2356w'2/2 

+0. 6942 — 0. 013431/?'/— 0.  ooooo4o8/?'2/2 

4—  I 

— 0. 0042+0.  OOOI02«7+0.  OOOOOI36w'«/2 

+0. 0289—0. 000800/?'/— 0.  oooooi8i/?'2/» 

5-  I 

—0. 0048+0.  oooo79«'/+o.  0000001 2w'«/* 

+0. 0012+0. 000024/?'/— 0. 0000001 2/?'2/» 

6—  I 

— 0. 0006+0.  ooooo3«'/ 

+0. 0014+0. 000006/?'/ 

7-  I 

— 0. 0007 

— 0. 0031 

— 2 —  2 

— 0. 0006 — 0.  ooooo6«'/ 

+0,0001 — 0. 00001 1/?'/  ■ 

— 1 —  2 

— 0. 0028+0. 000136W7 

— 0. 0070—0. 000042/?'/ 

0 —  2 

—0. 0040+0.  oooo56«7+o.  oooooooow'V* 

— 0. 0028—0. 000058/?'/— 0.  ooooooo6/?'V2 

1—  2 

—0.  0008+0.  000028«'/— 0.  00000005«'2/3 

— 0. 0013—0.  oooo66/?'/+o.  ooooooo8/?'V3 

2—  2 

+0. 0081  +0.  ooooi3«7 — 0.  oooooo24«'3/3 

— 0. 0044+0. 000020/?'/ — 0. 00000020/?'^^ 
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* 

sin. 

COS. 

i'  i 

//           //  // 

//               //  1/ 

3-  2 

-t-O  02C^4-0  000*7'l2«'/-l-0  00001 127«'^/* 

—0^290+0.  OOIO02»'/— 0.  00002242»'*/* 

4—  2 

—0. 1442— 0. 0277ii«V-[-o.  oooo3043«'*/* 

+0.  S245 — 0.  oo302i«'/+o.  0003341 7«'*/* 

6—  2 

 I    C2l6  Q  00q6?8*4'/-I-0.  OOOI'7J,I'?«'V 

— 1. 1283+0.  oi536o«'/+o.  oooo9056«'*/* 

7—  2 

_Lr)  oi/tJl  0  ooo2i6«'/4-o  00000*767*4'*/* 

—0. 01 13+0.  ooo305«V+o.  00000256^'*/* 

8—  2 

— 0. 0017 

-I—  3 

— 0. 0006+0.  ooooo6»V 

— 0. 0005 — 0.  ooooi8«'/ 

0-  3 

-[-0. 0026+0.  oooo2*}n*t 

— 0. 0013+0.  oooo46«'/ 

I—  3 

+0. 0015+0, 000040/*'/ 

— 0. 0031+0. 000033^'^ 

2-  3 

J-n  onnn^— 0  nnnn  tJ?«V-Lo  (WWW1^m'*/2 

 n  OQifi-Lo  (ww>n«'^-l-n  rKWvvwv»*'2/s 

3-  3 

+0. 0025 — 0.  ooooi3«'/ — 0.  ooooooo7«'^/* 

+0. 0040+0. 0000 1 8«'/  0.  ooooooi6«'*/' 

4—  3 

_Lo  OOQO  0  000020«'/-I-0  00000072I4'*/' 

-i-o  0011 4-0  ooooo6«'/-4-o  ooooooia«'*/* 

5-  3 

 0.  0032 — 0.  000029«'/+0,  00000233«'*/* 

— 0. 0020+0. 000420*?'/  0.  oooooo82«'*/* 

6-  3 

 0  0010  0  OOIO*7C«V-I-0  OOOOOCC4I4'*/* 

— 0  0060— 0  oooco8«'/  0  OOOOOC6'2«'*/* 

7-  3 

8-  3 

+0. 0609+0.  ooi963«'/— 0.  oooooo20w'*/^ 

_Lo.  020t— ^  OOIO'76*4'/4-0  000000*7 1 «'*/* 

9—  3 

-4-0  0001 -i-o  oooooSm'/ 

 0  00 J.?  0  000004«'/ 

0-  4 

— 0.  000002W'/ 

0.  oooooow'/ 

I—  4 

+0.  0010— 0,  OO002O«V 

+0. 0007+0.  ooooigw'/ 

2—  4 

+0. 0009 — 0.  ooooo9«'/ 

+0. 0001 +0. 00002 1 »'/ 

3-  4 

— 0. 0007+0.  ooooo6«'/ 

+0. 0006+0.  ooooo9«'/ 

4—  4 

 0. 0022—0. 000002«'/— 0. 00000003«'*/' 

_i_o.  002*7  O-  oooooc«'/-I-o  oooooooo«''/' 

5—  4 

—0  0012  0  ooooi6«'/  0  ooooooio«'V* 

-I-O  OQC2-I-0  oooon6«'/-Lo  nnnnr*o2^«'s^2 

6-  4 

— 0. 0033 — 0.  oooo66«'/+o,  ooooooiow'V* 

— 0. 0086+0.  oooo74«'/+o.  oooooo36«'*/* 

7-  4 

+0. 05 1 1  +0.  ooo658«V+o.  00000030?*'*/* 

+0. 0474—^.  ooi033«'/+o.  ooooooi7«'*/* 

8—  4 

_j_o,  1371+0.  ooo6oow'/  0.  oooooo62w'*/* 

_I_0  OACC^-O  QQAltAnfi  0  00000026**'*/* 

9-  4 

 X.I^'XI-X-O  0\\^*)*tn*tA-0  00002'2'7'l«'*/* 

_i_o  i^oS-l-o  o2S2^8«'/— 0  00001 2J!6n'*/* 

II—  4 

— 0.  ooio+o.  ooioi6«'/+o.  00000007^'*/* 

—0, 0031+0.  OOP  24  9  w '/— 0.  oooooo88«'*/^ 

2-  5 

— 0. 0003 — 0.  ooooo6«'/ 

+0. 0003 — 0.  ooooo4«'/ 

3-  5 

0. 0000 — 0.  ooooiow'/ 

+0. 0002+0.  oooooow'/ 

4-  5 

— 0. 0001  — 0. 000004W'/ 

+0. 0001  +0.  oooooow'/ 

5-  5 

^5 

 n  {\r\ii  n  ooooo"}**'/ 

7-  5 

— OUI  J-pO.  UUUUZ27»  * 

-f-o.  ooi/^-o.  000009M  / 

8-  5 

 0  OI024-0  oooiStm'/ 

9-  5 

0  (vvi'5-l-o  onOAfvi«V 

— pu.  (Jiy      <j.  uuuujon  * 

10—  5 

II-  5 

—0. 0229+0.  ooo433«'/— 0.  ooooooo6«'*/« 

+0. 0198—0. 000758^'/ — 0,  oooooooiw'*/* 

12-  5 

+0.  09 1 9 — 0.  000242«'/ 

— 0. 1255+0. 000927^'/ 

-i—  6 

—0.  0002+0.  000002«'/ 

—0.  0001 — 0.  000002«'/ 

4-  6 

— 0. 0002+0.  oooooow'/ 

+0. 0001— 0.  ooooo4«'/ 

5-  6 

0.  oooooow'/ 

— 0.  000002«'/ 

6-  6 

+0. 0002 

— 0. 0007 

7-  6 

— 0.0003 

— 0. 0008 

8—  6 

— 0.  OOIO+O.  000001 «'/ 

— 0. 0009+0. 000004^'/ 

9-  6 

— 0. 007 1  — 0.  oooo36«V 

— 0. 0037  +0. 0001 58«'/ 
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sin. 

00s. 

i'  i 

10—  6 

11—  6 

12—  6 

//          tt  // 
— o.  0043+0.  oooo35«V 
-|-o.  0020-f  0.  oooo38»V 

4-0,  0007+0.  00002I«7 

//  // 
— 0. 0002+0.  oooo82»V 
— 0. 0010+0. 000031 «'/ 
—0. 0038+0.  ooooo7«V 

5—  7 

7—  7 

8—  7 

9 —  7 

10 —  7 

1 1 —  7 

12—  7 

+0,  ooooo8«V 

+0. 0003 
+0.0004 

—0. 0009+0.  oooooowV 
+0. 0003—0.  oooo85«V 
—0. 0009 — 0.  oooo55«V 
+0. 0004—0. 00001 5«'/ 

— 0.  OO0O02«V 

0.0000 
—0. 0001 

+0. 0001  +0.  ooooo7«V 
— 0. 0026+0.  oooooowV 
—0. 0022+0.  oooo3o»V 
+0. 0002+0. 000024WV 

10—  8 

11—  8 

12—  8 

+0. 000001  «V 
— 0.  ooooo8«V 
—0. 0000 1 9«V 

—0.  ooooo3«'/ 
—0. 000035  «'/ 
— o.ooooi9«'/ 

12 —  9 

+0.  ooooo7«V 

— 0.  ooooo3«'/ 

As  in  the  case  of  Jupiter,  for  the  general  value  of        we  employ  the  formula 

But  in  the  terms  which  involve  the  argument  ^g' —  2g  it  has  been  discovered  that  the 
complementary  portion  of  the  right  member  has  a  sensible  value.  Consequently,  for 
this  argument  we  make  use  of  the  complete  formula 

The  expressions  for  the  factors  involved  in  the  right  member  have  all  been  given, 
except  those  for  —  and  —^(j;^ff)*    To  a  sufficient  number  of  terms  for 

our  purpose  the  latter  are : 


I  /d25Wo'\ 

2\ 

Arg=i'^'+i^ 

COS. 

sin. 

n't  COS. 

n't  sin. 

n'H^  COS. 

sin. 

t'  i 

// 

// 

// 

// 

// 

0  0 

— 0. 4057 

—  8,52 

I  0 

+0. 1443 

+0.  2489 

—  73-09 

+91.21 

—1268.72 

—976.  23 

2  0 

— 1. 6441 

—2, 8744 

—  11.09 

+  2.00 

—  142.  12 

—109. 38 

3  0 

-0.1 17s 

—2.5142 

—   0. 90 

—  1,19 

—  13-41 

—  10.35 

— 2 —  I 

+  I.2I9S 

+0. 3504 

+  0.97 

—  0.48 

—  I —  I 

+  1.0988 

+0. 9397 

+  12.29 

-  4.89 

0 —  I 

+0. 9288 

+  1.0075 

+  151.54 

—54.69 

I—  I 

+0. 401 1 

+0. 4819 

+  33.83 

+23.51 
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I  /(Pawo'\ 

2\  d/'  ; 

COS. 

sin. 

n'i  COS. 

n't  sin. 

n'^P  COS. 

n'H^  sin. 

i'  i 

// 

tt 

// 

2 —  1 

-fo.  1 176 

—  0. 1709 

+  229.69 

+306.  74 

3—  I 

+2. 9733 

—  I- 5995 

+  8.70 

+  61. 11 

4 —  1 

+3.5992 

+  0.3508 

—     4. 62 

+  5.87 

I —  2 

+0.5144 

—  0. 2865 

-  35.67 

—  33. 89 

2 —  2 

-|-o.  1096 

—  0.2139 

+  4.26 

+  26.58 

3 —  2 

—0. 5676 

—  I. 1824 

+  121.88 

+181.27 

4—  2 

—3-4317 

— 13.  7965 

+3887.57 

—  13.04 

5-  3 

—0, 1017 

+  0.0055 

+  24.30 

+  12.76 

6-  2 

—0. 1658 

—  0.0129 

-  3.57 

+  13.95 

6-  3 

+2.4988 

+  1.6449 

-  51.87 

+  60.  34 

7-  3 

+0.1794 

+  1.5819 

+  12.32 

—  4.38 

8-3 

— 0. 0064 

+  0. 1474 

+  0.59 

—  0.08 

7-  4 

-1.9564 

+  1.8079 

+  12.64 

+  16.79 

8-4 

— 1. 2025 

+  0.6377 

+  2.38 

+  6.90 

9—  4 

+5.  7067 

+  1.6780 

+  9.68 

-  23.  94 

10 —  4 

+0. 0459 

+  0.0441 

+     0. 18 

—   0. 16 

Arg=i'^'+iV 

1  /d'Wo'\ 

4\  <*y*  / 

sin. 

COS. 

i'  » 

// 

// 

I  0 

—  18.06 

-      5. 29 

+16531  «V 

+26479  ^'^ 

2  0 

-  2.85 

—  0.83 

+  3703  «V 

+  5933 

1—  I 

—  18.77 

—  128.95 

2—  I 

+  21.54 

—  35.05 

3—  I 

+  1.32 

—  8.01 

I —  2 

+  8.23 

—  8.32 

2—  2 

+     43. 78 

—  19.21 

-  3—  2 

+  12.44 

+  12.83 

4—  2 

—  •  18.70 

—  152.23 

5-  2 

+  0.42 

+  0.83 
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The  multiplication  being  performed  we  get 

-  -(^-^pr  Jw'dV  =    [-  0.14019  -  62.646n't  +  4.4j2n'H^]  sin  (5^'  -  2g) 
+  [—  0-33710  +  3^*3^3'^'^  +  6.2g6n'^f]  cos  (5^'  —  2^) 


--(^-gp^Jn'tJ;?'  =    [-0.00524+  3.983»^'*-5-o24n'=*^']sin(5^'-2p) 
+  [—  0.00824  —  o.gSgn't  —  7.943^'^^^]  cos  (5^'  —  2g) 


—  ^(^-^pr =    [—  0.00277  —  o.iSgn'^  +  i.o4on*H^]  sin  (sg^  —  2^) 
+  [—  0.00569  —  0.07571'^  +  2.^6^n^t^]  cos  (5<7'  —  2^) 


If  we  add  these  three  quantities  to  the  corresponding  terms  of  —  ^(^  ' ay^^'^ 
-HTdT  Wdt 

dv' 

_  =    [—  0.76561  —  30.664*1'^  +  2.022n'2^2]  sin  (5^'  —  2g) 
+  [—  1.51056  +  19.03271'^  +  2.989»'2f2]  cos  (5^'  —  2^) 

This  expression  may  be  changed  to 
dv* 

=    [—  0.76561  +  o.oooi4o8?i'^  —  o.oooooo293n'2^2]  sin  (5^'  —  2^  +  m't) 
+  [—  1.51056  +  o.ooo2776»'^  — 0.0000001 1 771'^^^]  cos  (5^'—  2g+  xn't) 

where  the  proper  number  of  decimals  has  been  restored  to  the  coefficients  of  n*t  and 
n'H\    The  value  of  n  and  the  corrected  integrating  factor  are  given  by  the  equations 

log  H  =  7.32699  log  /<  =  1.5054687 

On  integrating  the  last  expression  we  obtain 

=    [    24.7830  —  o.oo475on'^  +  o.ooooo938»'2^2]  cos  (5^'  —  2^  +  m't) 
+  [—  48.2213  +  o.oo8288n'^  —  o.ooooo375»'2<2j      ^^gt  ^  2g  +  xn't) 

In  order  to  put  this  in  a  final  form  we  equate  the  argument  still  further,  so  that  the 
sum  of  the  squares  of  the  coefficients  of  n't  may  be  a  minimum.  This  makes  log 
H  =  7.32535,  and  we  have  the  following  expression 

//  //  Of  ft 

=  [54.2171 —0.00954371'^]     cos(5^'— 2^+ Kn'^  + 62  47  58.0) 
+  0.0000100571''^*  cos  (5p'  —  2g+  xn'i  +229  ) 
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Omitting,  then,  the  terms  corresponding  to  the  argument  5g'—  2g  the  expression 
for  S^y'  follows.  The  proper  number  of  decimals  are  restored  to  the  coefficients  of 
n't  and  n'H'': 


Axg=t'g'-^tg 

COS. 

sin. 

i'  % 

//          //  // 

//               //  // 

O  0 

-|-o.  ooo82i«'/-j-o.  00000613^'^/^ 

— 0. 000000002  6«'V 

I  o 

-j-o,  2151-f-o.  030390«'/-|-o.  ooo2i469«'V 

 0.  1^'?6  0.  Oi;0,d??72'/-l-0  000'2I06a7|'3/' 

—0. 0000000925^'^^* 

a  0 

-(-0. 0226 — 0. 001  i56«'/-j-o.  ooooo6i5«'2/^ 

+0. 0806 — 0. 00073  i72'/+o.  ooooo88o72'V 

— 0.  OO0OOO0O25«"/3 

 0.  0000000005 72'3/» 

3  0 

— 0. 0018 — 0.  ooi467«'/ 

+0.  0868—0.  00026772'/ 

4  0 

— 0.  0063 — 0.  000020«'/ 

+0.  0035  0.  00003572'/ 

-3-  I 

— 0.  0005 — 0.  00001672V 

—0.  0009+0.  00000072'/ 

— 2 —  I 

— 0. 0272 — 0,  oooo47«'/ 

— 0. 0062+0. 00047372'/ 

—  I —  I 

 0. 0195^-0. 000224/2'/  0.  ooooooo6w'^/' 

— 0.  oi6/i'4-o  0001 0672 '/-i-o  oooooooo«''/5 

0 —  I 

— 0.  0085 — 0.  000290«V-|-0.  00000072«'V^ 

— 0.  0185+0.  00024272'/+0.  OOOOOI2l72'V 

I —  I 

-f-0. 0069-j-o.  oooo23w'/-|-o.  oooooo88«'V 

 0.  0624+0.  00007272'/  0.  0000010672'*/' 

2—  I 

-|-o.  i374-|"0»  ooo397wV-[-o.  00001 749W'*/' 

 0.  I22IC-I-0  000CIC72'/  0  OOOOlliaTi''/* 

3-  I 

— 0.  3453 — 0.  oo3744«V — 0.  ooooo7o6«'V* 

+0.  2715—0.  00728372'/+0.  000000487/'2/3 

4—  I 

— 0.  07634-0.  000288«'/— 0.  00000032«'2/3 

+0.  0138 — 0.  00160372'/ — 0.  0000002072'V« 

5—  I 

-fo.  0052 — 0.  oooo76«V 

+0. 0079+0. 00004072'/ 

6—  I 

-f-o.  0020—0.  ooooo3«'/ 

+0. 0057+0. 00000672'/ 

—2—  2 

— 0. 0006 — 0.  ooooo6«V 

^-O.  oooi+o.  00001172'/ 

—  I—  2 

 0.  oo49-(-o.  00018372'/ 

-Uo  ooofi-i-o  oor»r»CQ«'/ 

0 —  2 

 0.  oo8i-j~o.  0001 1 7«'/ 

I—  2 

— 0. 0030-I-0. 000040/2'/  0. 0000001 8«'*/^ 

2 —  2 

4*0. 0212— 0.  oooo2o«'/-{-o.  0000005 !«''/' 

^^v.  viiWi  ^^v.           i\jn  *  L/.  ^j^AAAA^iun  t 

3-  2 

-I-O  CJIC— 0  000'3CIm'/-4-O  oooooaT  C«'2/5 

^^w*  ^oO  *     V.  ^A^ju^  1 7*  *— u.  uuiAAj  1 9071  * 

4—  2 

— 0S25  0.  oi6726w'/-j-o.  0000159972'^/' 

6—  2 

-f-o.  7667+0.  00175972'/  0.  0000042 1 72'2/2 

~o.  5655+0.  oo334272'/+o.  000001 7372'2/3 

7-  2 

-j-o.  0093+0. 00006472'/ 

— 0. 0162+0. 00008972'/ 

-I-  3 

 0. 0001  +0. 00000872'/ 

— I-O  (W^^-Ln  nooni9«'/ 

o—  3 

+0. 0038+0. 00004072'/ 

+0. 0028 — 0. 00006872'/ 

I-  3 

+0. 0020+0. 00006472'/ 

+0. 0042 — 0. 00004572'/ 

2—  3 

+0. 0005+0. 00003372'/ 

— 0. 0024+0. 00000972'/ 

3-  3 

+0. 0070+0.  ooooo772'/+o.  ooooooo772'2/« 

— 0.  0088+0.  00000072'/+0.  0000000072'2/2 

4-  3 

+0.  01 5 1 — 0.  O0002072'/+0.  0000009972'S/2 

—0.  0072—0.  00001472'/ — 0.  0000002072'2/2 

5-  3 

 0.  0008-fO.  OOOOl672'/+0.  0000022972'«/2 

—0. 0025—0. 00041 672'/+0.  0000006972'«/2 

6-3 

— 0. 0629+0.  ooo75572'/+o.  ooooo33772'2/2 

— 0.  0610 — 0.  OOI00972'/+0.  0000035272'2/2 

7-  3 

+0.  0036+0.  0081 1272'/— 0.  OOOO00I372'*/2 

—0.  31 1 1  +  O.  00074072'/+0.  0000003 1 72'2/2 

8-  3 

— 0.  0105 — 0.  OOI07472'/+0.  0000002272'V 

+0. 051 1 — 0. 00049672'/ — 0.  oooooo3672'2/2 

9—  3 

— 0. 0043 — ^'  00004572'/ 

+0. 0054 — 0. 00003272'/ 

I—  4 

+0. 0019 — 0. 00003172'/ 

— 0. 0013 — 0. 00003172'/ 

2—  4 

+0. 0020—0. 00001 572'/ 

— 0. 0004 — 0. 00003372'/ 

3—  4 

+0. 0001  +0. 00000372'/ 

— 0.  0001 — 0.  O0002O72'/ 
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ooa. 

sin. 

i'  i 

//           //  // 

//               //  // 

 0.  0046 — 0,  O0O0O2/2V — 0.  00000002«'V* 

5—  4 

 o  oot6-I-o  000002«'/— o  ooooockm.«'*/^ 

— 0. 0073 — 0. 00001  o«V — 0.  oooooo3o«''/' 

6—  4 

-|-o.  ooo5-[-o.  OOOI  I2wV-|-0.  OOOOOOI5«'V* 

— 0. 0163+0.  oooo48«'/ — 0.  oooooo36«'V* 

7—  4 

_|_o.  o658-|-o.  ooi023«V-j-o,  oooooo27«'*/* 

— 0.  0648+0.  00I4SS«V — 0.  OO000020«'V* 

8-  4 

-j-o,  o745-|-o.  000559^'/  0. 00000046//'^* 

— 0.  0300+0.  002022«'/+0.  OO0OOO20w'8/* 

9—  4 

 0. 9570-|-o.  oo8390«'/-|-o.  ooooio59«'V* 

 0. 2324 — 0.  oi9956«V+o.  ooooo583«'*/* 

10 —  4 

^-0. 2034—0. 003793«'/  0.  ooooci6ow'V 

— 0.  2273+0. 00265 1«'/ — ooooo298«''/* 

2—  5 

— 0. 0004 — 0. 00001 5»V 

— 0. 0007+0.  OOOOIO«V 

3—  5 

0.  0000 — 0.  000020«V 

— 0. 0008+0, 000002«V 

4—  5 

.  -|-o.  0001 — 0.  ooooo7«'/ 

— 0.  0004 — 0.  O00002«'/ 

5—  5 

 n  no^fi  fi  orooo'j**'/ 

+0. 0013  0. 000003WV 

0.  0000 

7—  5 

— 0.  0020 — 0.  OOOOI3WV 

8-  5 

 n  OT c8-l-o  oooCi8«V 

—0. 0254  0. 000242/2'/ 

9—  5 

 0,  021  i+o.  oooo5o«V 

lo—  5 

-j-o,  0091 -[-o.  ooo368«V 

— 0. 0228+0. 00026l«V 

II—  5 

 0  0226-1-0  000c  t^^M'/ 

12—  5 

_l_o  06'JT  0  ooooc8«'/ 

+0. 0319  0. 0001 8o«'/ 

3—  6 

—0. 0003+0, 000002«V 

+0. 0001  +0.  ooooo^n't 

4—  0 

 0004 -|-0.  oooooowV 

— 0. 0001 +0.  ooooc8«'/ 

6—  6 

_|_o,  0002 

+0. 0008 

7-  6 

 0. 0001 

+0. 0010 

8—  6 

 0  0000_L0  00000 

+0. 0004—0. 00001 3«'/ 

9 —  6 

+0. 0036  0. 0002 1  o«'/ 

10 —  6 

 0  Oo6o-UO.  OOOOi'7«'/ 

— 0. 0002 — 0,  oooi6i«V 

II—  6 

— 0. 0008+0.  oooo59«'/ 

+0. 0008 — 0.  oooo62«V 

12—  6 

+0. 0048+0. 000041  wV 

+0. 0134 — 0, 0000 1 0«'/ 

e   7 

-i-O  (WW>^«'/ 

+0. 000001  «v 

7—  7 

+0. 0005 

0.0000 

8-  7 

+0. 0005 

+0. 0002 

9—  7  ' 

— 0. 0004 — 0.  ooooo5«V 

+0. 0001 — 0.  ooooo6«V 

10 —  7 

+0. 0004 — 0. 000092W'/ 

+0. 0038 — 0.  ooooo3«V 

11—  7 

— 0. 001 1 — 0.  oooo69«V 

+0. 0031 — 0, 000038^'/ 

12—  7 

— 0.  0004 — 0.  000022«V 

+0. 0004 — 0.  oooo35«V 

lo—  8 

—0. 000002«V 

0,  oooooo«'/ 

II—  8 

— 0. 0000 1 0«'/ 

+0.  oooo47«'/ 

.     12—  8 

— 0.  00C024«'/ 

+0.  000029«V 

12—  9 

— 0.0000 1 3«'/ 

+0.  ooooo7«V 
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PERTUEBATIONS  OF  SATURN  OF  THE  SECOND  ORDER  FROM  THE  ACTION  OF  URANUS  AND 

FACTORED  BY  n% 

Having  now  pushed  the  approximation  to  the  perturbations  of  the  longitudes 
and  radii-vectors  of  Jupiter  and  Saturn,  so  far  as  these  arise  from  their  mutual  action, 
to  a  sufficient  length,  it  remains  to  consider  certain  terms  of  the  second  order,  with 
respect  to  disturbing  forces,  which  involve  the  mass  of  Uranus  as  a  factor. 

In  the  first  place  the  perturbations  of  Saturn,  due  to  the  action  of  Uranus,  which 
have  been  determined  in  Chapter  III,  are  of  the  first  order  with  respect  to  the  dis- 
turbing force.  The  elements  of  both  planets  have  been  regarded  as  constant.  In 
this  chapter,  then,  we  determine  the  additional  terms  which  arise  in  the  perturbations 
from  attributing  to  these  elements  their  augmentations  proportional  to  the  time. 
Here  it  will  be  sufficiently  accurate  to  neglect  the  variations  of  the  elements  which 
determine  the  position  of  the  planes  of  the  orbits  relative  to  each  other.  Also  the 
effect  on  the  latitude  of  Saturn  may  be  neglected. 

The  more  important  part  of  the  terms  we  wish  to  derive  arises  from  the  variation 
of  the  function  T'  (denoted  as  T  at  page  130;  but  here  we  propose  to  give  one  accent 
to  quantities  belonging  to  Saturn  and  two  to  those  belonging  to  Uranus).  To  find 
the  variation  of  T'  we  therefore  employ  the  abbreviated  formula 

in  which  the  latter  factors  of  the  five  terms  may  be  limited  to  their  secular  terms. 
By  joining  together  the  terms  of  one,  two,  and  three  dimensions,  obtained  in  the  pre- 
ceding chapters,  we  have  for  Saturn 


n*dz^  =  —  [o.82487]n'«  sin  g' 

—  [8.97io4]7i'^  sin  2g^ 

—  [7.4183  ]tt'<siu35f' 

v'=  [8.97i95]n'« 
+  [o.S2384]w'<cos 
+  [8.97io4]n'<  cos  2g^ 
+  [7*5944  ]n't  cos  sg' 

h' 

d^  =  - [9.2730  \n't 


[i.0297i]n'<  cos  g^ 
[9-17599]^'^  cos  2^' 
[7.6233  ]n't  cos  35f' 

[0.7  2868]n'«  sin  g' 
[9-17599]^'^  sin  2g' 
[7.7994  ]n't  sin  3g' 
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The  corresponding  quantities  for  Uranus  must  be  derived  from  the  theory  of  this 
planet.  Availing  ourselves  of  Professor  Newcomb's  determinations,*  the  unit  of  t 
being  a  Julian  year,  we  have 


-g^  =  - 0^05420  _  =  + 2^846 


These  data  give 


fif'Sz*'  =  —  [g.jo66^]n't  sin  g'^  —  [0.09803]?!'*  cos  g^' 

—  [7.7756       sin  2^"— [8. 1 67 1  ]n^t  GOQ2g" 

—  [6.1456  ]n't  sin  35^"  —  [6-5370  co^sg'' 

[7.7764  ]n^t 
+  [9'40562]»'*  cos  ^r"— [9.797oo]»'*  sin  g^^ 
+  [7-7756  ]*^'^  cos  2^"—  [8.1671  ]n^t  sin  2^" 
+  [6.3217  ]n't  cos  3^"  —  [6.7 13 1  ]nH  sin  3^'' 

The  expressions  for  the  factors  ^  and  ^  are  readily  derived  by  partial  differ- 
entiation of  the  value  of  T',  given  in  Chapter  III  (pages  130-133).  It  only  remains 
to  show  how        and  r^'^f  are  obtained.    We  have  the  formulae 

where 

The  values  of  the  factors  involved  in  the  right  members  of  these  equations  have  all 

(Ci 
"^^Wu  ^^^^  ^  at  page  74,  M'  and  N'  at  page 

212,  and  ^^tV^  at  pages  128-130.  For  the  single  remaining  factor  we  have 
the  equation 

The  expressions  for-^j  »  (  Z") '  a^'  ^^a^^'  and  (H)  have  been  given  in  Chapter 

III.    We  also  readily  get 

JLa^  -  ^i^J  =  [9-6346]  -  2[8.7253]  cos  g"        +  2[7.oi2o]  cos  2g'' 

+  2[8.i956]  cos  g*         +  2[6.56o8]  cos 
—  2  [6.9890]  cos  (p"  —     —  2  [6.9890]  cos     +  flf') 


*  An  Investigation  of  the  Orbit  of  Uranus,  pp.  80, 81.  The  only  alteration  made  is  the  putting  the  mass  of  Neptune 
at  nliro  instead  of  Tt\^j^* 


SECOND  ORDER  PERTURBATIONS  OF  SATURN  BY  URANUS.  459 


Making  the  single  multiplication  required  and  availing  ourselves  of  all  the  data 
afforded  in  Chapter  III  we  obtain  the  following  expression; 


Arg= 

Arg= 

Arg= 

_ 

C08. 

sin. 

COS. 

sin. 

COS. 

sin. 

%  i 

0  0 

0. 4714 

3-  4 

—0. 0597 

+0. 0193 

6-  7 

+0. 0095 

—0. 0450 

0 —  I 

—0. 0793 

— 0. 0495 

3-  5 

—0.0037 

+0.0005 

6-^  8 

+0. 0025 

— 0.0041 

0—  2 

0.0000 

-fo.ooi6 

4—  I 

— 0.0001 

+0. 0057 

7—  3 

+0.0012 

— 0.0010 

1+  I 

— 0. 0067 

— 0. 0022 

4—  2 

—0.  0422 

7 —  4 

—0.  0123 

— 0.  0014 

I  0 

+0. 0725 

+0. 1 1 67 

4 —  3 

— 0. 3  ^^4 

+0. 0194 

7   e 

I—  I 

-f  0. 13SS 

—0. 6836 

4—  4 

-f  o-  4737 

+0. 51 II 

7—  6 

-j-o.  0001 

— 0.  I4I4 

I—  2 

— 0. 0124 

+0. 0391 

4-  5 

-j-o.  01 12 

+0. 0007 

7-  7 

— 0.  1677 

+0.01 19 

I—  3 

— 0.0001 

-|-o.  0007 

4-  6 

— 0.0004 

+0.  0050 

7-  8 

— 0. 0301 

—0.0133 

5 —  2 

-fo.  0081 

+0.  0002 

8-  4 

— 0.0013 

— 0.0017 

2+  I 

+0.0001 

— 0. 0007 

5-  3 

— 0. 0464 

— 0. 0466 

8-  5 

— 0. 0029 

+0.  OII9 

2  0 

— 0. 0099 

4-0. 01 1 7 

5—  4 

—0. 0233 

+0.  2743 

8   5 

+0. 0447 

— 0.0183 

2—  I 

-fo.  2466 

— 0. 0170 

5-  5 

+0.  3947 

—0.  2305 

8-  7 

— 0.  0866 

— 0. 0627 

2—  2 

-1.1123 

—0.4730 

5-  6 

-f  0, 0592 

+0.  0007 

8-  8 

— 0. 0I6I 

+0.  0945 

2-  3 

— 0, 0105 

—0. 0325 

5-  7 

-fo.  0048 

+0.0016 

8-  9 

—0.0133 

+0.0182 

2—  4 

— 0.0006 

—0.0014 

6—  2 

+0.0006 

+0.0009 

9-  5 

— 0.0018 

+0.0012 

9-  6 

+0.  on  I 

+0.  0044 

3  0 

— 0. 0022 

—0.0004 

6-  3 

+0.0006 

— 0.0106 

9—  7 

— 0. 0074 

—0.  0387 

3-  I 

-|-o.  0290 

-f-o.  0287 

6-4 

— 0. 0513 

+0.0416 

9-  8 

— 0. 0579 

+0.  0487 

3-  2 

—0. 0549 

—0. 3160 

^  S 

+0.  2083 

+0.0538 

9—  9 

+0. 0523 

+0.  0295 

3-  3 

— 0.  5614 

+0. 8016 

6—  6 

— 0. 0844 

— 0.  2700 

9 — 10 

+0.0187 

+0.0055 

Thence  we  obtain  the  expression  for  V: 


Arg=wy'+<'5r"+t5r' 

V 

Arg=x>'+i'ff"+<5r' 

V 

sin. 

C03. 

sin. 

COS. 

X     i'  i 

// 

// 

X     t'  i 

// 

// 

1  0 —  I 

-4.568 

 0.  006 

—I     I  0 

+  1.020 

+5- 125 

—100 

~o.  489 

+0.3S3 

0     I —  I 

— 0.  522 

—2.  706 

0  0 —  I 

+0.  346 

—0. 167 

I     I—  2 

—0.325 

—I.  $00 

I  0 —  2 

+0. 028 

— 0. 131 

—I     I —  I 

— 0.014 

—0. 428 

—I     0—  I 

+0. 003 

— 0.010 

0     I —  2 

— 0.077 

+0.  306 

0  0 —  2 

+0. 003 

+0.001 

I     I—  3 

40.099 

— 0. 081 

I     0-  3 

+0.001 

+0. 002 

—I     I—  2 

— 0. 003 

— 0. 002 

-I      1+  2 

— 0. 005 

— 0. 005 

0  1—3 

— 0.  004 

+0.012 

0     1+  I 

— 0. 025 

+0.006 

I     I—  4 

+0.005 

— 0. 007 

I      I  0 

+0. 040 

+0. 001 

— I     2+  2 

0.000 

0.000 

-I      1+  I 

+0. 377 

— 0. 452 

0     2+  I 

0.  000 

+0.001 

0     I  0 

0.000 

0.000 

I     2  0 

+0.001 

— 0. 002 

—0. 396 

+0. 3SO 

-I     2+  I 

— 0. 008 

—0.053 
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V 

V 

sin. 

COS. 

sin. 

COS. 

X     i'  i 

// 

// 

X     i'  i 

// 

// 

020 

0.000 

0.000 

-I     4-  5 

— 0.  oil 

—0. 052 

1      2—  I 

—  0. 044 

+  0. 059 

0     4-  6 

— 0.004 

+0. 107 

—  120 

+  1,768 

+  0. 131 

I     4-  7 

+0.003 

— 0. 045 

0     2 —  1 

—  1.247 

+  0.085 

I     2—  2 

+  0.370 

—  0.456 

—  I      K —  I 

+0.063  . 

+0. 018 

—I      2—  I 

-13.875 

0       C —  2 

—0.051 

— 0.019 

0  2—2 

+12. 592 

—  5.402 

+0. 025 

— 0. 009 

I      2—  3 

—  2.968 

+  1.255 

—  I       K —  2 

-0.589 

+0. 383 

— I      2 —  2 

+  0.049 

+  0.430 

0  5—3 

+0. 540 

— 0. 334 

0  2-3 

+  0.504 

—  0. 686 

I     5—  4 

—0. 136 

+0.  187 

I     2—  4 

—  0. 251 

+  0.282 

—I     5—  3 

+0. 061 

-3.482 

-I     2-  3 

—  0, 001 

0.  d^i 

0  5—4 

—0.077 

+3.  282 

0  2—4 

4-  0. 0^1 

—  0. 048 

I     5—  5 

—0. 138 

— 1.025 

I     2-  5 

—  0.016 

-|-      0.  024 

—I     5—  4 

+5.517 

+3-  248 

 I      54-  I 

—  0.006 

0     5-  5 

-5.356 

—3.001 

—  O.OOI 

1     5-  6 

+  1.597 

+0.  880 

030 

0.000 

0.000 

-I     5-  5 

+0.  747 

— 0. 072 

I     3—  I 

0. 000 

+  0.008 

0     5-  6 

977 

— 0. 059 

—130 

+  0.225 

—  0. 163 

I     5-  7 

+0.  354 

+0. 041 

0     3—  I 

—  0. 154 

+  0. 130 

-I  5-6 

+0. 053 

—0. 025 

I     3—  2 

+  0.014 

—  0. 120 

0     5-  7 

— 0. 102 

+0. 021 

—I     3—  I 

—  1.060 

+  3. 187 

I     5-  8 

+0. 044 

— 0. 006 

0  3—2 

+  0.966 

—  2. 761 

I     3—  3 

+  0.029 

+  0.877 

—  1          U   I 

+0. 007 

— 0. 003 

—I     3—  2 

—  7.465 

—  10.  661 

— 0.006 

+0. 002 

0  3—3 

+  7.097 

+  9.956 

I  0 —  3 

+0. 002 

— 0. 002 

I     3—  4 

—  1.938 

—  2.719 

—  I       0 —  2 

— 0. 024 

+0. 100 

—  0,  739 

—  0. 087 

0  6—3 

+0. 025 

— 0. 089 

0      3 —  4 

+  1.048 

+  0.  522 

I     6—  J. 

+0. 008 

+0, 041 

*      3 —  5 

—  0.392 

—  0.  239 

—0.  501 

— 0.  581 

—  I         1—  A 

—  0. 036 

+  0,002 

0  6 —  4 

+0. 456 

+0. 548 

0      5   r 

"      3 —  5 

+  0.088 

+  0.026 

I      6—  K 

— 0. 207 

—0.135 

I      -Z—  6 

—  0.040 

—  0.012 

—I     6—  4 

+2.785 

—0.467 

0     6-  5 

-2. 658 

+0.444 

—140 

+  0.009 

—  0.033 

0     4—  I 

—  0.006 

-f-  0.  022 

I     6—  6 

+0, 822 

— 0.  243 

— I     0  5 

— 1.220 

+3.831 

I     4—  2 

—  0. 010 

—  0.  01 1 

—I     4—  I 

+  0.  238 

+  0.456 

0      0 —  0 

+  1.070 

—3.719 

I     6—  7 

— 0. 311 

+1.  126 

0  4—2 

—  0. 192 

—  0. 393 

—I     6—  6 

+0. 160 

+0.  576 

I     4 —  3 

+  0. 149 

+  0,092 

—  3.721 

—  0.695 

0     6-  7 

—0. 113 

—0.735 

 1        A—  2 

1        ij.—  ^ 

I     6-  8 

0  4—3 

+  3.417 

+  0, 678 

+0. 029 

+0.  264 

I     4—  4 

—  1.079 

+  0.027 

—I     6—  7 

+0.033 

+0. 046 

—I     4—  3 

+  6,514 

—  7.007 

0  6-8 

— 0,038 

— 0.081 

0  4-4 

—  6. 107 

+  6.766 

I  6 —  9 

+0.013 

+0.034 

1     4-  5 

+  1.757 

—  1. 961 

—I     4—  4 

+  0.039 

—  0. 830 

-I     7-  2 

+0.006 

+0.012 

0     4-  5 

—  0.306 

+  1. 122 

0     7-  3 

— 0. 005 

— 0.  on 

I     4-  6 

+  0. 144 

—  0.410 

I     7—  4 

+0.005 

+0, 003 
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V 

y 

Arg=K/-fi'^"-fip' 

cos* 

sin. 

cos* 

H     V  i 

// 

H    i'  i 

_i     7_  3 

— 0. 132 

— 0. 017 

1        0—  0 

— 0.  357 

-fo.  280 

o  7—4 

4-0.  iig 

-l-o,  01  g 

—I     8—  7^ 

— 0.  221 

— 1. 17? 

I     7-  5 

 0.  046 

-fo.oii 

0     8 —  8 

+0.  273 

+1.318 

—I     7—  4 

-f  0.  465 

— 0-  554 

1     8—  9 

— 0.091 

— 0.403 

0  7—5 

— 0. 447 

+0.518 

— I      S —  0 

—0. 186 

"0. 236 

I     7 —  6 

-f  0. 108 

— 0.  207 

0  8—9 

-f  0. 198 

+0.  293 

—I     7—  5 

-fo.  743 

-f  1. 964 

I     8 — 10 

— 0. 068 

—0. 106 

o     7 —  6 

— 0. 721 

— I. 886 

I     7—  7 

-|-o.  291 

-f  0.567 

—I     9 —  4 

— 0. 015 

— 0.018 

—I     7—  6 

—2.405 

— 0. 188 

0  9—5 

-f  0. 014 

-f  0.017 

o  7-7 

+2. 323 

-fo.  098 

I     9-  6 

— 0. 008 

— 0, 003 

I     7-  8 

— 0.  706 

— 0. 019 

—I     9—  5 

+0. 138 

— 0. 024 

— I     7 —  7 

— 0. 389 

+0. 186 

0  9—6 

—0. 127 

-f  0.019 

o  7-8 

+0. 491 

— 0. 191 

I     9—  7 

-fo.  039 

— 0.018 

I     7—  9 

— 0. 180 

-f  0. 063 

—I  9—6 

—0. 158 

-f  0.471 

-I     8-  3 

— 0.016 

0  9—7 

+0. 157 

—0.441 

-fo.oii 

I     9—  8 

— 0. 031 

+0.144 

o    8-  4 

-fo*  015 

— 0.009 

 I  Q  

— 0.  711 

— 0*  707 

I     8-  s 

—0.004 

-f  0.006 

0     9 —  0 

-f  0.  669 

+0. 668 

-I  8-4 

— 0. 002 

— 0, 140 

—0. 203 

—0. 191 

I     9—  9 

o      o —  5 

— 0. 002 

+0. 132 

-I  9-8 

+0. 736 

— 0. 348 

I     8-  6 

—0.015 

— 0.045 

-I     8-  5 

-fo-S35 

-f  0. 307 

0  9—9 

— 0. 679 

+0.336 

0  8-6 

— 0. 507 

— 0. 299 

I  9—10 

-f  0. 190 

— 0. 070 

I     8-  7 

-f  0. 188 

-fo.  066 

—I     9—  9 

+0. 169 

—0. 125 

—I     8-  6 

—1. 241 

+0.  783 

0     9 — 10 

-OIS5 

+0.165 

o  8—7 

+1.191 

— 0. 767 

I     9-1 1 

-f  0. 01 1 

— 0. 082 

In  the  next  place  we  have  the  expression  for  X' : 


Arg=«/+i'5f"+»ff- 

X' 

Arg=K/+i'^"+ttf' 

X'  , 

sin. 

COS. 

sin. 

COS. 

K       i'  i 

// 

// 

H     i'  i 

// 

// 

000 

+0. 006 

-I     1+  I 

—0. 127 

+0. 084 

I       0—  I 

+1.664 

— 0. 002 

0      I  0 

+0. 020 

+0. 098 

— 100 

+0.158 

— 0. 071 

I     I—  I 

+0. 120 

—0.  120 

0  0 —  I 

— 0. 141 

0.000 

—  I       I  0 

— 0.  225 

—  I,  164 

I  0 —  2 

+0. 022 

+0. 041 

0       I—  I 

— 0. 008 

+0.001 

—  I       0—  I 

— 0. 002 

+0.001 

I       I—  2 

+0. 133 

+0. 625 

0  0 —  2 

— 0. 002 

— 0.004 

—I       I—  I 

—0.037 

+0. 107 

I       0—  3 

+0.001 

+0.003 

0       I—  2 

— 0.  012 

-0.053 

-I        1+  2 

— 0. 002 

+0,004 

I      I—  3 

— 0.006 

+0, 026 

0       1+  I 

+0. 01 1 

— 0. 007 

0  1-3 

0.000 

— 0. 002 

I        I  0 

— O.OII 

+0.003 

I     I—  4 

— 0.001 

+0. 002 
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Arg=x/-|-i'5"+iflr' 

sin. 

COS. 

sin. 

COS* 

H     i'  i 

// 

// 

X     i'  i 

// 

// 

 1         Z-J-  I 

— 0. 005 

+0. 010 

I     4-  6 

+0. 003 

— 0.006 

O       2  0 

+0.035 

+0.001 

-I     4-  5 

+0. 002 

+0. 008 

I       2—  I 

0.000 

— 0.014 

0      A—  6 

0.000 

+0.001 

—  I       2  O 

—0.417 

—0.013 

— 0. 008 

—  I      5 —  I 

— 0. 008 

Q       2   I 

— 0. 334 

+0. 144 

+0. 002 

I       2—  2 

-f-o.  088 

+0. 069 

0      5 —  2 

— 0.009 

+0. 002 

0.000 

 J       2   I 

i-3' 905 

— 1.  709 

— I       5 —  2 

+0.  108 

— 0. 031 

Q       2   2 

0.  oop 

-}-o.  003 

I       2—  3 

— 0. 244 

+0.  Ill 

0  5—3 

+0. 007 

—0. 042 

-|-o.  005 

I       5-  4 

— 0.007 

+0. 002 

—  I       2—  2 

109 

-I     5-  3 

— 0. 071 

+0. 494 

O      2—  3 

-|-o.  019 

— 0. 009 

0  5-4 

+0. 060 

+0.033 

I       2—  4 

—0.  017 

+0. 005 

-|-o,  001 

I     5-  5 

+0.002 

— 0. 020 

—I      2—  3 

— 0. 003 

+0.001 

-I     5-  4 

— 0.  700 

— 0.402 

O       2 —  4 

+0. 002 

0     5-  5 

+0. 007 

+0.001 

I      2 —  5 

— 0.001 

— 0.001 

I     5-  6 

+0. 020 

+0.  on 

—I     3+  I 

0.000 

—0.001 

-I     5-  5 

— 0. 087 

-f-o.  004 

030 

+0. 005 

— 0. 002 

0     5-  6 

— 0. 001 

— 0. 002 

I     3—  I 

— 0.001 

0.000 

I     5-  7 

+0. 003 

0. 000 

—130 

— 0. 056 

+0. 029 

-I     s-  6 

— 0. 007 

+0. 003 

0     3—  I 

— 0. 036 

+0.058 

0     5-  7 

— 0.001 

0.000 

I     3-  2 

+0.012 

— 0.001 

I  5-8 

0.000 

+0. 001 

—I     3-  I 

+0.416 

— 0. 68s 

0  3—2 

— 0. 127  ' 

— 0. 179 

— I     0 —  2 

-I-0.009 

— 0.012 

I     3-  3 

— 0. 032 

+0.059 

0  6-3 

— 0.004 

— 0. 008 

-I     3-  2 

4-1  CI2 

+2. 139 

I     6—  4 

— 0.001 

0.000 

0  3-3 

— 0. 008 

—0. 009 

—I     6-  3 

+0. 046 

+0. 089 

I  3—4 

 0, 092 

0  6—4 

+0. 029 

— 0. 003 

—I     3—  3 

-4-0  111 

j_o.  027 

I  6-5 

— 0. 002 

— 0. 005 

0  3—4 

_|_o.  004 

+0.  007 

—  1      0 —  4 

— 0. 335 

+0. 021 

I     3—  5 

-^.007 

— 0. 008 

0     6-  s 

 010 

—I     3—  4 

-|-o.oo6 

0.000 

r  A  

I       0—  0 

-}-0.  012 

—0.  002 

"    0  J 

0.000 

+0.001 

-I     6-  5 

410 

I     -K—  6 

— 0. 001 

— 0. 001 

0  6-6 

0. 000 

_i_o  ooc 

+0. 005 

I     6-  7 

—0.  001 

-\-0, 009 

—  I     4  0 

— 0. 005 

—I  6—6 

 0  oc8 

0     4 —  I 

0.000 

+0.009 

0     6-  7 

o.  000 

—0.  001 

—I     4—  I 

— 0.010 

— 0.  lOI 

I     6-  8 

_|_o.  001 

0. 000 

0     4—  2 

— 0. 054 

— 0. 019 

-I     6-  7 

— 0.  004 

 0.  005 

I     4-  3 

+0. 002 

+0.010 

—  I     4—  2 

-j-o.  640 

+0. 233 

—  I     7—  2 

0.000 

— 0. 002 

0  4—3 

+0. 083 

— 0. 091 

0  7—3 

— 0.  002 

0.000 

I     4—  4 

-0.037 

— 0. 010 

-I     7—  3 

+0.  014 

+0. 008 

-I     4—  3 

—1.002 

+1.094 

0  7—4 

+0. 006 

— 0. 005 

0  4—4 

+0. 005 

— 0. 008 

I     7-  5 

0.000 

—0. 001 

I     4-  5 

+0. 034 

— 0. 039 

—I     7—  4 

—0.  064 

4-0. 050 

—  I     4—  4 

— 0. 013 

+0. 117 

0     7-  5 

+0.005 

+0.017 

0  4—5 

— 0. 003 

+0. 002 

I     7—  6 

+0. 002 

— 0. 003 
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X' 

Arg=«y'+<'5"+i^' 

X' 

sin. 

COS. 

ein. 

COS. 

K       i'  i 

// 

// 

H     i'  i 

// 

// 

-I     7-  5 

—  0. 058 

— 0. 205 

0     8—  8  

— 0. 002 

—0.001 

0  7—6 

—0. 018 

0.000 

I     8—  9 

0.000 

— 0. 002 

I     7—  7 

-|-o.  002 

+0. 006 

-  I  8—8 

+0. 014 

+0.019 

-I     7-  6 

-fO.  222 

+0. 014 

0  8-9 

0.000 

+0.001 

0     7-  7 

— 0. 002 

+0.001 

I  8—10 

0.000 

— 0.  OOI 

I     7-  8 

—0.006 

0.000 

-I     7-  7 

+0.034 

— 0.016 

—I     9—  4 

+0. 001 

+0. 002 

I  9 —  6 

— 0.001 

0.000 

-I  8-3 

-fo.  002 

— 0.001 

-I     9-  5 

— 0. 013 

0.000 

08-4 

0,000 

— 0. 002 

09-6 

— 0.002 

+0. 003 

-I     8-  4 

— 0. 005 

+0.014 

-I     9-  6 

+0.019 

— 0. 036 

0     8-  5 

+0.004 

+0. 003 

0     9-  7 

— 0. 005 

—0.004 

-I     8-  5 

--0.045 

— 0. 039 

I  9-8 

0.000 

+0.  OOI 

0  8—6 

— 0. 010 

+0. 006 

—I     9-  7 

+0. 050 

+0.057 

I     8-  7 

+0.001 

+0. 002 

0  9-8 

+0.004 

— 0. 003 

—I  8—6 

+0. 114 

— 0.062 

I     9—  9 

— 0.001 

— 0.001 

0     8-  7 

— 0.  OOI 

— 0. 008 

-I  9-8 

—0.051 

+0. 023 

I     8—  8 

—0.003 

+0. 002 

—I  9—9 

— 0.009 

+0. 010 

-I     8-  7 

+0.019 

+0.  112 

I  9-11 

— 0.  OOI 

0.000 

The  foregoing  deve'lopments  enable  us  to  derive  the  expressions  for  the  factors 
r      ana  r  • 


Arg=?iy'+<V"+<i/' 

ein. 

COS. 

ain. 

COS. 

H     %'  i 
000 

// 

// 

+0. 006 

// 

// 

I     0—  I 

—2. 904 

— 0. 008 

+6.  232 

+0. 008 

—100 

+0. 282 

+0.644 

— 0. 438 

0     0—  I 

+0.  205 

—0. 167 

-0.476 

+0.  211 

I  0 —  2 

+0. 050 

— 0. 090 

— 0.010 

+0.  157 

—I  0 —  I 

+0.001 

— 0. 009 

—0.004 

+0.010 

0  0 —  2 

+0.001 

— 0. 003 

— 0. 005 

0.000 

I     0—  3 

+0. 002 

+0. 005 

0.000 

— 0. 002 

-I      1+  2 

— 0. 007 

— 0.001 

+  0. 004 

+0. 007 

0     1+  I 

—0.014 

— 0.001 

+0. 034 

— 0.008 

I      I  0 

+0. 029 

+0.004 

— 0.051 

— 0. 002 

-I      1+  I 

+0. 250 

— 0. 368 

— 0. 499 

+0. 561 

0     I  0 

+0. 020 

+0. 098 

I      I—  I 

— 0.  276 

+0. 230 

+0.524 

— 0. 429 
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dr" 

Bin. 

- 

COS. 

sId. 

COS. 

X 

i'  i 

// 

// 

// 

// 

—I 

I  0 

+  o. 795 

+3. 959 

—  1.297 

-  6.555 

o 

I —  I 

-  o.  S30 

—2.  70s 

+  0.669 

+  3. 504 

I 

I —  2 

—  o.  192 

—0.875 

+  0.408 

+  1.860 

—I 

I —  I 

—  0.051 

—0.321 

—  0.053 

+  0, 560 

o 

I —  2 

—  0.089 

+0. 253 

+  0. 160 

—  0.409 

I 

I—  3 

+  0.093 

—0.055 

—  0. 138 

+  0. 116 

— I 

I —  2 

—  0.003 

— 0. 002 

+  0.003 

+  0.004 

0 

I—  3 

—  0.004 

+0.010 

+  0.009 

—  0.018 

I 

I—  4 

-|-  0.004 

— 0.005 

—  0.008 

+  0.010 

o 

2-f-  I 

0. 000 

"j-o.  001 

0. 000 

—  0. 001 

I 

3  O 

-(-  0. 001 

— 0. 002 

—  0.  002 

+  0. 002 

I 

2-1-  I 

—  0.013 

— 0.043 

+  0.010 

+  0.  064 

0 

2  0 

+  0-035 

-\-o,  001 

I 

2 —  I 

—  0.044 

+0. 045 

+  0.065 

—  0.075 

—I 

2  O 

+  1. 351 

-j-u.  110 

—  2,415 

—  0.087 

0 

2—  I 

—  1. 581 

-|-o.  229 

+  I.  759 

—  0. 179 

I 

2—  2 

+  0.458 

— 0. 387 

—  0.614 

+  0.628 

—I 

2—  I 

—  9.910 

+4.  227 

+19. 692 

—  8.444 

o 

2—  2 

+  12.583 

—5.  399 

—18. 131 

+  7. 795 

I 

2—  3 

—  3.212 

+1.  366 

+  4. 555 

—  I.  935 

—I 

2—  2 

+  0-054 

+0.321 

+  0,017 

—  0.620 

0 

2-  3 

+  0. 523 

—0. 695 

—  0. 819 

+  0.986 

I 

2-  4 

—  0, 268 

+0.287 

+  0.398 

—  0.402 

—I 

2—  3 

0.000 

+0. 008 

+  0.004 

—  0.019 

0 

2-  4 

+  0. 033 

—0.047 

—  0.051 

+  0.071 

I 

2-  5 

—  0.017 

+0. 023 

+  0.027 

—  0. 036 

— I 

3+  I 

—  0.006 

— 0, 002 

+  0.007 

+  0.001 

o 

3  0 

-f  0,005 

— 0. 002 

I 

3—  I 

—  0.001 

+0.  ooo 

+  0.002 

—  0.  oil 

—I 

3  0 

-|-  0. 169 

—0. 134 

—  0.310 

+  0.219 

0 

3—  I 

—  0, 190 

~\-0.  loo 

+  0. 222 

—  0. 178 

I 

3—  2 

+  0.026 

—0.  121 

—  0.039 

+  0. 166 

— I 

3—  I 

—  0. 644 

+2.  502 

+  1.644 

—  4,  220 

0 

3—  2 

+  0.  839 

—2.  940 

—  1-532 

+  3. 704 

I 

3-  3 

—  0.003 

+0. 936 

+  0.064 

—  I.  219 

— I 

3—  2 

-  5.953 

—8.522 

+  9-  703 

+  13-813 

0 

3—  3 

+  7.089 

+9.947 

—  9. 291 

—12. 965 

I 

3-  4 

—  2.009 

—2.  811 

+  2.596 

+  3.614 

— I 

3-  3 

—  0.608 

— 0. 060 

+  0.958 

+  0. 158 

o 

3—  4 

+  1.052 

+0.529 

-  1.366 

—  0.  727 

I 

3-  5 

—  0.399 

— 0.  247 

+  0.513 

+  0.  329 

— I 

3-  4 

—  0.030 

+0. 002 

+  0.048 

0.000 

o 

3—  5 

+  0.088 

+0.027 

—  0.  116 

—  0. 039 

I 

3-  6 

—  0.041 

— 0. 013 

+  0.053 

+  0.019 
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sin. 

COS. 

sia. 

003. 

K 

i'  % 

It 

// 

// 

— I 

4  o 

-fo.  004 

—0. 028 

—  0.014 

+0.043 

o 

4—  I 

— 0. 006 

+0.031 

+0. 01 1 

— 0.030 

I 

4—  2 

— 0. 010 

— 0.  on 

+0. 010 

+0.017 

—I 

4—  I 

+0. 228 

+0. 355 

— 0. 261 

— 0.  608 

o 

4—  2 

— 0. 246 

—0.412 

+0.  206 

+0.532 

4—  3 

+0.  151 

+0. 102 

—1. 180 

—0.137 

— I 

4—  2 

—3.081 

—0. 462 

+4.679 

+  1.020 

o 

4-  3 

+3- 

+0.587 

— 4-  324 

— 0. 998 

4 —  4 

— 1 , 116 

+0.017 

+  1.3^5 

+0. 021 

— I 

+5'  5'2 

-5-913 

— 7*  991 

+8.631 

o 

A   A 

— 6. 102 

+6. 758 

+7. 500 

-8.365 

+1.  7gi 

— 2.000 

—2.  179 

+2.451 

— I 

A   A 

-|-o.  026 

—0.713 

— 0. 072 

+1.021 

0 

d —  t; 

*r  J 

— 0. 309 

+  1. 124 

+0.  401 

-1.384 

4—  6 

+0. 147 

— 0. 416 

— 0.  loO 

+0. 508 

— I 

— 0. 009 

—0.044 

+0.  012 

+0. 065 

o 

4—  6 

— o«  004 

-|-o.  108 

-|-0.  OOo 

—0. 133 

-j-o.  003 

—0.045 

—0.  006 

+0. 056 

— I 

5-  I 

+0.055 

+0.010 

—0.075 

— 0. 029 

o 

S-  2 

—0. 060 

— 0. 017 

+0.  061 

+0. 030 

I 

5-  3 

-l-o.  027 

—0.009 

— 0.  032 

+0. 008 

— I 

5-  2 

— 0. 481 

+0. 352 

+0. 749 

—0.435 

o 

5-  3 

+0. 547 

—0. 37.6 

— 0. 691 

+0. 378 

5-  4 

—0. 143 

+0. 189 

+0. 182 

— 0. 220 

— I 

S-  3 

—0. 010 

—2. 988 

-0. 155 

+4.219 

0 

S-  4 

— 0, 017 

+3.315 

+0. 171 

—3-990 

5—  5 

— 0. 136 

—1.045 

+0. 139 

+1.255 

e   J. 

-f  4.  817 

+2. 846 

—6.557 

—3-  839 

o 

c   c 

— S-349 

.—3.000 

+6.  380 

+3. 547 

I 

t;—  6 

+I.6I7 

+0.  891 

—1-913 

—1. 044  ' 

c   c 

J —  J 

-[-0.  000 

— 0. 068 

— 0.  iSisiS 

+0. 073 

t;—  6 

— 0. 97  <> 

■  -0. 061 

+  1.  163 

+0. 082 

e   7 

J  / 

+0. 357 

+0.041 

—0.423 

—0.053 

 I 

c—  6 

+0. 046 

— 0, 022 

— 0. 064 

+0. 028 

o 

C   7 

—0. 103 

+0. 021 

+0,  122 

—0. 023 

5-8 

+0.044 

— 0. 005 

053 

+0. 006 

6—  I 

+0. 007 

— 0.003 

— 0.009 

-4-0. 00^ 

o 

6—  2 

— 0.006 

+0. 002 

+0.  007 

— 0. 002 

I 

6-3 

+0. 002 

— 0. 002 

—0.003 

+0. 003 

—I 

6—  2 

— 0. 015 

+0. 088 

+0.037 

—0.  U9 

0 

6-3 

-fo.  021 

— 0. 097 

—0.  038 

+0. 106 

I 

6-4 

-fo.  007 

+0. 041 

— 0,  007 

— 0. 049 

—I 

6-  3 

—0.455 

— 0. 492 

+0.574 

+0.  713 

0 

6 —  4 

+0.485 

+0. 545 

—0.523 

— 0. 675 

I 

6-5 

—0. 209 

—0. 140 

+0. 241 

+0. 172 
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,dT' 

dr 

Arg=xr'-H'ff"+tflf' 

sin. 

COS. 

sin. 

COS. 

H     i'  t 

// 

// 

// 

-I  6-4 

+2.  450 

— 0. 446 

—3.  283 

+0. 506 

o  6—5 

—2. 668 

+0.478 

+3. 139 

— 0. 483 

I     6—  6 

+0.  834 

—0, 245 

—0.  975 

+0. 273 

—I  6—5 

—1.095 

+3.421 

+  1.400 

—4.439 

0  6-6 

+  1.070 

—3-714 

—1.225 

+4.315 

I     6—  7 

—0.312 

+I.I35 

+0.356 

—1. 311 

— I     6 —  6 

+0. 147 

+0.518 

—0.179 

— 0. 668 

A  M 

0  o —  7 

—0. 113 

-0. 736 

+0. 126 

+0.  854 

I         O   O 

+0. 029 

+0. 265 

— 0. 032 

-0. 307 

— I     o—  7 

+0. 029 

+0.041 

—0.038 

—0. 054 

»         £  O 

o  o —  o 

— 0. 038 

— 0. 081 

+0. 043 

+0.095 

I     6—  9 

+0.013 

+0. 034 

—0.015 

— 0. 040 

—I      7 —  2 

+0.006 

+0. 010 

— 0. 006 

— 0.015 

o  7—3 

— 0. 007 

— 0.  oil 

+0. 005 

+0.013 

1     7—  4 

+0. 005 

+0. 003 

— 0. 006 

— 0.004 

—I     7—  3 

—0. 118 

— 0.009 

+0- 154 

+0. 027 

0  7—4 

+0.125 

+0. 014 

—0. 139 

— 0. 029 

I     7-  5 

— 0. 046 

+0.010 

+0. 055 

— 0.010 

—I     7—  4 

+0. 401 

— 0. 504 

—0.557 

+0. 631 

0     7-  5 

— 0. 442 

+0-  535 

+0. 536 

—0.591 

I     7—  6 

+0. 1 10 

—0.  210 

— 0. 133 

+0.  238 

-I     7-  5 

+0. 68  j 

+1-759 

— 0. 834 

— 2,  267 

0  7-6 

— 0-739 

—1.886 

+0.81 1 

+2.  i8o 

I     7-  7 

+0. 293 

+0.573 

— 0. 329 

— 0.  659 

— I     7 —  6 

—2. 183 

—0.174 

+2.  733 

+0.  205 

o  7—7 

+2. 321 

+0.099 

—2. 643 

— 0.  lOI 

I      7 —  8 

—0. 712 

— 0.019 

+0.805 

+0.018 

—I     7—  7 

— 0. 355 

+0. 170 

+0. 444 

— 0.  210 

0     7 —  8 

+0. 491 

—0. 191 

—0.  560 

+0.  215 

I     7—  9 

— 0. 180 

+0. 063 

+0. 205 

— 0. 071 

—I     8—  3 

— 0.014 

+0. 010 

+0.019 

— 0.012 

0     8—  4 

+0.015 

— O.OII 

— 0.018 

+0. 010 

I     8—  5 

— 0. 004 

+0. 006 

+0. 005 

— 0. 007 

—I  8—4 

— 0.007 

—0. 126 

— 0. 003 

+0. 161 

o  8—5 

+0. 002 

+0. 135 

+0. 008 

— 0. 152 

I     8—  6 

—0.015 

—0.045 

+0.015 

+0. 053 

—I  8—5 

+0.490 

-|-0.  2uo 

— 0. 604 

— 0. 362 

o  8—6 

—0.517 

— 0.  293 

+0.573 

+0. 353 

-I     8-  7 

+0. 189 

+0.  068 

—0.213 

— 0. 080 

—  I     8-  6 

—1. 127 

+0.  721 

+  1.410 

— 0. 876 

0     8—  7 

+1.190 

—0.775 

-1.354 

+0. 860 

I     8—  8 

— 0. 360 

+0.  282 

+0.407 

—0.314 

-I     8-  7 

— 0. 202 

—  1.263 

+0. 253 

+1.540 

o  8—8 

+0. 271 

+  I.317 

—0.312 

—1.476 

I     8—  9 

— 0. 091 

— 0. 405 

+0. 104 

+0. 452 
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467 


ATg=Hy'+i'g"+ig' 


Bin. 


sin. 


i'  i 
8—  8 

8—  9 

8—  10 

9—  4 
9-  5 
9 —  6 

9-  5 
9-6 

9—  7 
9-6 

9-  7 
9-8 

9-  7 
9-  8 

9-  9 
9—  8 

9-  9 
9 — 10 

9-  9 
9 — 10 
9— II 


— o.  172 
+0. 198 
— o.  068 

— o.  014 
+0. 014 
— 0.009 
+0. 125 
— o.  129 

+0.039 

— o. 139 

+0. 152 

— o.  031 
— o.  661 
+0.  673 
— o.  204 
+0. 685 
— o,  679 
-f  o.  190 
4-0. 160 

-0.155 

-f  0.010 


— o.  217 
+0. 293 
— o.  107 

— 0.016 
+0.017 
—o.  003 
— o.  024 
+0.016 
— o.  018 

+0.435 

— o.  445 
+0. 145 
— o.  650 

+0. 665 

— o.  192 
-o.  325 

+0. 336 

— o.  070 
— o.  115 
+0. 165 
— 0.082 


+0207" 
— O.  221 

+0. 076 

+0.016 
— 0.015 
+0. 009 
— o.  156 

+0. 145 
—0.045 
+0. 185 

— o.  184 

+0. 037 

+0.  786 
— o.  744 
+0.  229 
— o.  812 
+0.  751 

— O.  212 

— o.  183 

+0.  172 
— 0.017 


+0. 265 
—0.329 
+0.II9 

+0.  021 

— o.  020 

+0.004 
+0.  023 
— 0,018 
+0.019 

— o.  526 
+0. 494 
— o.  163 
+0. 792 
— o.  749 
+0.215 
+0. 384 
—0.376 
+0. 083 
+0. 141 
— o.  J83 
+0. 088 


The  following  is  a  sufficiently  exact  expression  for  C;  it  is  derived  from  the 
equation 

C'=:  2  (T'  +  X'+  To 


C 

Arg=«r'+i'^"+i^' 

C 

sin. 

COS. 

sin. 

COS. 

H     i'  i 

// 

// 

K    i'  i 

// 

// 

0     1  0 

+0. 024 

+0. 116 

I     3—  I 

—0.006 

+0.006 

I     I—  I 

—0.016 

— 0. 082 

-130 

+0. 058 

— 0. 054 

—I     I  0 

+0. 104 

+0. 532 

0     3—  I 

—0. 130 

+0. 124 

0     I—  I 

— 0.  208 

—1.058 

I     3—  2 

+0. 074 

— 0. 094 

I     I —  2 

+0. 100 

+0. 530  . 

-I     3—  I 

— 0. 336 

+0.  696 

— I     I —  I 

+0. 060 

— 0.050 

0  3—2 

+0. 624 

-1-434 

— I     2  0 

+0.460 

— 0. 114 

I     3-  3 

— 0.  250 

+0. 802 

0     2 —  I 

— I.  022 

+0. 270 

—I     3-  2 

—1.452 

— 2. 026 

I     2—  2 

+0.  664 

— 0. 206 

0  3-3 

+2.928 

+3-976 

—I     2 —  I 

-3-  704 

+1.598 

I     3-  4 

-1.458 

—1.974 

0  2—2 

+7.358 

-3. 186 

0  3—4 

+  1.119 

+0. 761 

I     2—  3 

— 3. 662 

+1.582 

0     3—  5 

+0. 129 

+0. 067 
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C 

C 

sin* 

cos* 

sin. 

cos* 

H     V  i 

// 

// 

// 

// 

—I     4-  I 

-|-0.  020 

-|-o.  102 

0  5—2 

— o»  022 

—0.  014 

0      4 —  2 

—0.074 

—0.  202 

-I     5-  2 

—0. 104 

-|-o.  042 

I     4 —  3 

+0.  066 

+0.  no 

0  5—4 

—0.060 

+0. 976 

-I      4—  2 

— 0.  636 

—0. 184 

-I     5-  4 

+0. 680 

+0.378 

o  4—3 

+1. 292 

+0-332 

0    5-  5 

—1.360 

— 0.  712 

I     4—  4 

— 0. 686 

—0. 116 

I  5-6 

+0. 672 

+0.  350 

—I     4-  3 

+0. 950 

—1.060 

0  6—2 

+0. 002 

— 0. 002 

o  4—4 

— 1.840 

-}-2.  128 

—I     6—  2 

— 0. 008 

+0. 014 

I     4—  5 

-|-o.  912 

—1.058 

0  6—5 

— 0.644 

+0. 088 

In  deriving  the  terms  of  <JT',  all  which  afforded  less  than  o".oooooo5n'^  in  n!6z' 
were  neglected.  In  the  following  expression  for  <5T'  the  coefficients  have  been  multi- 
plied by  1000000  in  order  to  escape  the  necessity  of  writing  so  many  zeros: 


Arc=«y'-l-i'a"-l-io' 

ST 

5T' 

n't  sin* 

n't  cos* 

n't  sin* 

n't  COS. 

H     i'  i 

// 

// 

H      i'  i 

// 

— I     1+  2 

+  I 

0 

0       2   2 

+  44 

+  16 

0     1+  I 

0 

+  I 

I       2—  3 

—  24 

+  3 

I     I  0 

-  8.4 

-  5.6 

— I       2—  2 

—  7 

-  27 

-1     1+  I 

—  48.8 

+  32.6 

0  2-3 

—  10 

+157 

010 

+  48. 68 

-  45. IS 

I       2—  4 

+  II 

—103 

I     I—  I 

+  29.7 

—  16.3 

-I       2-  3 

-  5 

—  2 

—I     I  0 

+  5^8 

~  13.5 

0  2—4 

+  4 

+  26 

0     I—  I 

—  II. 0 

+  0.1 

I      2-  5 

—  4 

—  19 

I     I—  2 

+  6.7 

+  1.7 

-I     3+  I 

+  2 

+  2 

+  57-9 
• 

+  27.7 

030 

—  4.1 

—  2.0 

—  16 

-  13 

I     3-  I 

+  4.58 

—  0.47 

I     I—  3 

+  9 

+  7 

-130 

—  74.02 

—   1. 41 

—  I 

+  3 

0     3—  I 

+  111.57 

+  0.72 

0  1-3 

—  2 

—  6 

I     3—  2 

—  45.  12 

+  12.19 

I     I—  4 

+  I 

+  4 

—I     3-  I 

+208.  5 

—313.5 

—I     2+  2 

+  I 

0 

0  3—2 

—250.4 

+441.3 

0     2+  I 

0 

—  I 

I     3-  3 

+  84 

—161 

120 

—  1.3 

—  0.3 

—I     3—  2 

-  5 

—  30 

-I     2+  I 

+  1.7 

+  13-4 

0  3-3 

0 

+  86 

020 

—  17.4 

+  24.1 

I     3—  4 

—  8 

—  41 

I     2—  I 

+  24.0 

+  8.9 

-I     3-  3 

+  72 

-  15 

0  3—4 

-150 

+  28 

— 120 

—282.  3 

—213*6 

I     3—  S 

+  83 

-  13 

0     2—  I 

+469.  9 

+334.  2 

-I     3—  4 

+  10 

—  7 

I     2—  2 

—178*0 

—120.0 

0  3—5 

—  40 

+  10 

— I     2—  I 

"  3.6 

-  6.1 

I     3—  6 

4-  20 

0 
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ST 

Arff=xy'4-i'fl"4-ia' 

n'i  sin. 

n*t  COS. 

n't  sin. 

n't  COS. 

Hit 

Hi  i 

// 

// 

—140 

—  8.2 

I     6-  3 

—  1-44 
*  "  *rT 

4-   0.  '?g 

0    4—  I 

4-  11.8 

—  8.4 

— I  6 —  2 

—  17.  ig 

I     4—  2 

—  3-4 

+  6.6 

0     6-  3 

—  16.3 

+  20.  g 

—I     4—  I 

—    7. 0 

— 100.  6 

I     6-  4 

—  12 

0  4—2 

4-  14. 

1  'jj*  * 

-1     6-  3 

4-  42 

4-  Sk 

I     4—  3 

—  16.  2 

—  40.  I 

0  6 —  4 

  C-? 

JO 

—  06 

—I     4—  2 

+285.6 

+  11'?.  g 

I     6-  5 

4-  21; 

0  4—3 

— "iSo 

— I  6 —  4 

*  J/ 

4-  8 

I     4—  4 

4-  '?< 

0     6-  5 

4-ic6 

  20 

—I     4—  3 

+  49 

—  20 

I     6—  6 

—  C-J 

+  8 

0  4—4 

-89 

+  27 

6-  5 

—  32 

+  36 

I     4—  5 

+  41 

—  17 

0  6—6 

+  40 

—  70 

-I     4—  4 

+  29 

+  69 

I     6-  7 

+  10 

+  20 

0     4-  5 

-46 

— 106 

—I  6—6 

—  80 

—  20 

I     4-  6 

—  20 

+  70 

0     6-  7 

+  30 

+  30 

-I     4-  5 

0 

+  10 

I     6—  8 

—  10 

—  20 

0  4-6 

— 10 

—  20 

-1     6-  7 

0 

—  10 

I     4—  7 

+ 10 

+  20 

0  6-8 

+  10 

0 

—I     5—  I 

  11.7 

  12.  7 

I  6 —  9 

—  10 

—  10 

0  5—2 

-p  15.  zo 

1  16,26 

I     5—  3 

  n  8 

—    9.  0 

—     3.  5 

—I     7—  2 

—  0. 1 

—  3-9 

—I     5—  2 

-f-IOZ.  3 

—  26. 7 

0  7—3 

0.0 

+  4.1 

0  5—3 

— 122 

1 

+  37 

1     7—  4 

—  0.6 

—  1.7 

I     5—  4 

+  45 

—  18 

-I     7-  3 

4-  ig.  8 

4-  10.6 

— I     5—  3 

-  36 

+211 

0  7—4 

  22 

  8 

+  24 

—249 

I     7-  5 

1  r 

-r 

Iff 

I     5—  5 

—  7 

+  87 

—I     7_  4 

—  56 

+  45 

_i     5_  4 

+  29 

+  44 

0  7—5 

4-  67 

—  54 

0    5-  5 

—  43 

-  69 

I     7   6 

—  20 

I     5 —  0 

+  20 

+  29 

—I     7—  5 

—  28 

—  77 

 I      C   c 

—  44 

+  36 

0  7—6 

+  35 

+  81 

0  s-6 

+  70 

—  40 

I     7-  7 

—  20 

—  30 

1      e   7 

—  30 

+  40 

—  30 

—  20 

-I     S-  6 

0 

+  10 

0     7—  7 

+  40 

+  30 

0     5-  7 

+  '0 

—  20 

I     7-  8 

—  10 

—  10 

I     s-  8 

—  10 

+  10 

+  10 

-I     7-  7 

—  20 

—I     6—  I 

—  2.32 

—  0.32 

0  7-8 

—  20 

+  30 

0  6 —  2 

+    2. 920 

+  0.467 

I     7—  9 

0 

—  10 
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From  this  expression  for  6Y  we  derive,  by  the  oft-repeated  process,  the  expres- 
sions for  W7  and  -  l(II^y 


Arg-i'^"+iflf' 

5Wo' 

dy'  ] 

COS. 

n't  COS. 

sin. 

n*t  sin. 

sin. 

n*t  sin. 

COS. 

n't  COS. 

i'  t 

// 

// 

n 

// 

// 

1+  I 

-J-     -64.  y 

 0.  OOOI 

+ 

13. 5 

+ 

7.3 

I  o 

 0.  ocx)38 

  c6.  Q 

-f-0. 0044 

—    70.  6 
/y.  \j 

—0. 00003 

+ 

4.9 

—0. 00005 

0.5 

I —  I 

 O.  OCX)I 

—     28. 2 

0.  0000 

oy>  * 

9-3 

17.9 

1 —  2 

_|_0.  OCX) I 

-f  82 

-j-0.  OOOI 

0. 0000 

42 

+0.  OOOI 

21 

1—  3 

0 

—  2 

2 

I 

2+  I 

0 

—  2 

+ 

I 

+ 

I 

2  O 

_|_0,  0001 

4-  100.  1 

-j-0. 0003 

Jj*  / 

0.0000 

+ 

36.8 

— 0. 0002 

+ 

16. 2 

2—  I 

4-i8'?8. 

-l-o.  ood-itS 

— ^I'^'^o.  7 

+0.00018 

270. 0 

— 0. 00024 

198.3 

2 —  2 

— 0.  OOOI 

22. 0 

0.  0000 

—  0.8 

10.4 

+ 

1.4 

2 —  3 

—  6 

+ 

S 

S 

2 —  4 

—  2 

—  2 

+ 

I 

I 

3  0 

 Q,  0002 

—  86.7 

-^-0. 0017 

—     10  1 

— 0.0001 

44.8 

— 0.0009 

+ 

5-3 

3—  I 

_|_o.  000280 

— 2127,  81 

-l-o.  04.1  iSa 

-1-       2.  OA 

+0. 000007 

57.73 

— 0. 000009 

3.46 

3—  2 

 I 

J_0  0772 

 6428. 7 

+0-0583 

+2030. 2 

+0. 0387 

—3064. 9 

3—  3 

 0. 0026 

—  120 

-j-0.  0022 

+0. 0026 

+ 

116 

+0. 0022 

158 

3—  4 

+  2 

—  4 

I 

7 

3—  5 

—  2 

—  I 

I 

+ 

I 

4—  I 

  26. 8 

6.0 

+ 

6.7 

4—  2 

 0. 00025 

0. 00000 

  AA2  1 

—  0 

+0. 00031 

12. 9 

— 0. 00002 

139-9 

4—  3 

-4-0  0007 

"j-o.  0007 

  f 

—  ijg 

— 0. 0002 

219 

+0. 0004 

9S 

4—  4 

-4-  21 

-1-  1 

22 

I 

4—  5 

—  5 

—  13 

9 

S 

4—  0 

0 

—  4 

+ 

I 

0 

5-  2 

-4-0  0002 c 

-J-     uy.  / 

-4-0  00021 

+0.00001 

II.  I 

— 0.00001 

10. 1 

S—  3 

 0. 0004 

J_n  0018 

+  86. 0 

+0. 0002 

197.6 

+0. 0008 

+ 

49-9 

5—  4 

_|_o.  0002 

—  8 

0.  0000 

  82 

— 0.  OOOI 

+ 

I 

0, 0000 

69 

5—  S 

-1-  4. 

—   1 1 

3 

12 

5—  o 

—  3 

—  10 

+ 

4 

2 

6—  2 

+0. 00004 

—  27.62 

+0. 00027 

+  3-94 

1.79 

0. 08 

6-  3 

— 0.  ooi6 

-  146.9 

+0.0013 

—  183.0 

+0. 0008 

+ 

66.2 

+0. 0006 

85.7 

6 —  4 

+  24 

—  60 

IS 

47 

6-5 

—  31 

—  2 

28 

4 

6—  6 

—  I 

+  2 

+ 

9 

4 

6—  7 

^  16 

+  2 

+ 

9 

+ 

I 

7-  3 

+  0.7 

-  15.0 

+ 

0. 2 

4.8 

7-  4 

+  26 

—  14 

16 

10 

7-  5 

—  16 

-  IS 

+ 

14 

13 

7-  6 

—  8 

+  13 

+ 

4 

+ 

II 

7—  7 

—  2 

+  2 

+ 

3 

+ 

3 

7-  8 

—  2 

0 

I 

0 
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We  next  must  obtain  the  terms  of  w'<5V  and  which  undergo  but  one  integra- 
tion.   These  are  given  by  the  formulse 


Employing  the  subscript  (^»)  to  denote  the  portions  of  the  co-ordinates  of  Saturn 
proportional  to  the  first  power  of  the  mass  of  Uranus,  and  which  have  been  determined 
in  Chapter  III,  the  formulae  just  given  are  expanded  into 

— M —  ~    \  nfdi  )      ^  secular  terms  of  —  271*  6z' 

dv* 

+  {Wdz%n      X  secular  terms  of  — 
+  (^')m"         X  secular  terms  of  2v* 


^  ~  ^  ^^^^^^^ 


1/  dJ^W(/\ 

+  {n'dz%n      X  secular  terms  of  —  -^yj^jphj 
For  the  second  factors  of  the  terms  of  these  equations  we  have  the  values 


—  2n*dz^  ^  -  =  [5.5104]^'*  sin  +  [s.yisa]^'*  cos  g' 
+  [3.6s66]?i7  sin  2^'  +  [sMj^]n't  cos  2p' 
+  [2.10   ]nH  sin  ^g*  +  [2,31    ]n^t  cos  ^g' 

dv* 

^^Wdt^~2  ^  [5-2094]^'^  sin  +  [5,4142]^'^  cos  g' 
+  [3'9S77]^'*  sin  2^'  +  [4,i526]?i't  cos  2^' 
+  [2.76   ]n't  sin  ^g'  +  [2.96   }n't  cos  3P' 

+  [5.2094]«'*  cos  —  [5.4i42]?i'*  sin  g* 
+  [3.6s66]?i'^  cos  2p'  —  [3.86i5]n'^  sin  2^^' 
+  [2,28   ]n'<  cos  3£f' —  [248  ]n'*sin3p' 


""2(^"S7^J^2  =  -  [4.9084H  COS  ^'+[5-"32]w'*  sin 

—  [3.9S77K*  cos  2g'  +  [4.i626]n'*  sin  agr' 
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The  following  expression  for  —  \(^^if^  is  derived  from  the  value  of 
obtained  in  Chapter  III: 


'  i 
+  I 
o 

—  I 

—  2 

—  3 

2  O 
2—  I 
2 —  2 

2-  3 

2—  4 

3  o 

3-  I 
3-  2 
3—  3 
3—  4 

3-  5 

4—  I 
4—  2 
4—  3 


2\  dy*  )^fi 


COS. 


—  0.026 

—  o.  147 

—  0.424 
+  0.014 
+  0.002 

—  0.027 

—  0.406 
—10. 134 

—  I. 144 

—  o.  108 

+  0.021 

—  0.032 

+  5-  589 

—  o.  663 

—  o, 143 

—  0,016 

—  0.001 

—  0.027 

—  0,857 


— o.  005 
— o.  089 

+2.  144 

+0-336 

+0. 032 

— o.  023 
+0. 01 8 

—4.352 

— o.  561 
— O.OS9 

+0. 029 
— o.  oil 

+9. 883 

+2.  931 

+0. 320 
+0.030 

0.000 
4-0. 176 
+0.310 


Arg=i'^"+i^' 


i 

—  4 

—  5 
6 

—  2 

—  3 

—  4 

—  5 

—  6 

6-3 
6-  4 
6-  5 
6—  6 
6-  7 


—  3 

—  4 

—  5 

—  6 

—  7 


"2\  dy'*  L" 


COS. 


+0.432 

+0. 054 
+0. 005 

— o.  006 

—o-  334 
+0. 006 
+0. 270 
+0. 054 

+0.060 
— 0.038 
+0. 145 
— o.  021 
0.000 

0.000 
— o.  022 
+0. 031 
+0. 024 

—0.053 


+0. 609 
+0, 108 
+0.014 

+0. 007 
— o. 108 
+0.  316 
— o.  118 
—0.013 

+0. 088 
+0. 090 

+0.  020 

— o.  123 
— o. 028 

+0. 003 
+0.009 
+0. 029 
— o.  066 
— o.  005 


The  five  products  being  now  computed,  and  the  first  three  added  to  SWq  and 
the  last  two  to  —  ^(^  dy^^  ^®  hsiye  the  following  expressions  for  the  portions  of 
^-^^  and  %7^?  which  have  the  factor  nH,  the  portions  independent  of  this  factor 
being  the  same  as  for  6W0  and  —  'dy^^^' 


d. 

Sy' 

dt 

n'dt 

n't  COS. 

n't  sin. 

n't  sin. 

n't  COS. 

%'  % 

// 

// 

1+  I 

+  69.3 

—  23.0 

+  42.4 

+  6.5 

I  0 

+  156.9 

+  118. 3 

+  53.3 

—44.6 

I—  I 

-  13.5 

—  65,0 

+  2.0 

—23.9 

I —  2 

+529 

— 212 

— 229 

—93 

I—  3 

+  33 

—  24 

-  27 

—13 
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5V 

d. 

dt 

n'dt 

n'<  COS. 

n'i  sin. 

n'i  sin. 

n't  COS. 

i'  i 

ti 

// 

2+  I 

0 

7 

_4_ 

10 

2  O 

61.2 

+  144- 0 

50.0 

83.6 

2 —  I 

+1187.6 

880.6 

160.  7 

122.9 

2 —  2 

+  142.8 

+  330.8 

43-7 

+  144-3 

2—  3 

+  193 

+1263 

79 

+  544 

2—  4 

+ 

6 

+ 

93 

6 

+ 

70 

3  0 

941.2 

+  342.  9 

432.7 

164. 1 

3—  I 

—1025.44 

+ 

52.77 

19. 62 

+ 

1. 60 

3—  2 

—4225.0 

—5443.  2 

-I-2003. 2 

—2559. 9 

3—  3 

+ 

763 

—1729 

235 

742 

3—  4 

240 

98 

— 

136 

— 

82 

3—  5 

17 

2 

15 

I 

4—  I 

4.6 

S'4 

1. 4 

0.  2 

4—  2 

19. 8 

— 

386.2 

8.9 

12'?.  4 

4—  3 

+ 

379 

105 

— 

257 

— 

los 

4 —  4 

+ 

94 

+ 

57 

58 

+ 

24 

4—  S 

+ 

12 

60 

21 

29 

4—  6 

+ 

2 

7 

I 

3 

5-  2 

+ 

49.8 

62.6 

8.3 

7.6 

S—  3 

+ 

363.6 

96.5 

209.0 

+ 

54.7 

S—  4 

+ 

3 

56 

3 

59 

5—  5 

24 

21 

14 

19 

5—  o 

18 

20 

+ 

12 

8 

5—  7 

I 

2 

+ 

I 

I 

6-  2 

16.  56 

3-  54 

I. 01 

0.09 

o—  3 

141. 9 

175.9 

63.8 

82.5 

0—  4 

+ 

38 

83 

21 

56 

o—  5 

29 

4 

27 

5 

0   O 

7 

6 

+ 

II 

9 

6-7 

21 

+ 

6 

+ 

12 

+ 

4 

7-  3 

+ 

0.6 

13.5 

+ 

3 

45 

7—  4 

+ 

28 

14 

18 

II 

7-  S 

17 

16 

+ 

16 

14 

7-  6 

9 

13 

+ 

5 

+ 

II 

7-  7 

6 

+ 

3 

5 

+ 

3 
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By  integrating  the  preceding  expressions  we  obtain  the  values  of  w'(JV  and  6y\ 
In  the  following  statement  of  these  values  the  proper  number  of  decimals  is  restored 
to  the  coefficients  multiplied  by  n't: 


sin. 

n't  sin. 

COS. 

n't  COS. 

COS. 

n't  COS. 

sin. 

n't  sin. 

i'  i 

// 

// 

It 

// 

// 

// 

it 

// 

1+  I 

o.oooo 

+0. 000051 

+0,  0001 

+0.000017 

— 0. 000031 

+0, 000005 

I  0 

— 0.  0001 

+0. 000447 

0. 0000 

—0. 000337 

— 0. 0003 

— 0.000152 

+0. 0003 

—0.000127 

I —  I 

+0,0003 

+0, 000021 

0. 0000 

—0,000100 

+0, 000003 

+0.000037 

I—  2 

— 0.0001 

— 0. 000321 

+0,  0002 

—0.000129 

—0.0001 

— 0.000139 

— O.OOOI 

+0. 000056 

I-  3 

— 0. 000012 

— 0. 000009 

— 0.  OOOOIO 

+0. 000005 

0.000000 

+0, 000002 

 U,  OUUUOO 

2  0 

+0.0004 

— 0. 000087 

— 0. 0006 

—0.  OOO20S 

— 0. 0001 

+0.  000071 

— 0. 0004 

— 0.000II9 

2—  I 

— 0. 0207 

— o-  003975 

+0. 0200 

— 0, 002948 

— 0. 0008 

— 0. 000538 

— 0. 0010 

+0. 00041 1 

2 —  2 

+0. 0003 

— 0,  0001 10 

+0. 0001 

+0, 000255 

+0,  0001 

— 0. 000034 

0. 0000 

— O.OOOI  1 1 

2-  3 

+0.  0002 

— 0. 000084 

0. 0000 

+0,000549 

+0.0001 

— 0, 000034 

0.0000 

—0, 000237 

2-  4 

— 0, 000002 

+0. 000028 

— 0, 000002 

— 0. 00002 1 

3  •  0 

■+0. 0001 

—0. 00089s 

— 0. 0025 

— 0. 000326 

— 0.  0001 

+0. 000403 

—0.0012 

— u.  000130 

3—  I 

+0. 0250 

— 0. 019777 

— I. 1796 

— 0.  001018 

+0. 0005 

+0. 000378 

— 0. 0075 

+0. 000031 

3-  2 

+0.  1 1 64 

+0. 004456 

+0. 0767 

— 0. 005741 

+0. 0586 

-j-0. 0021 13 

— 0. 0386 

+0. 002700 

3-  3 

+0,0009 

—0. 000392 

+0.0013 

--0. 000887 

+0.  OOI I 

—0.  000I2I 

— 0,0012 

+0. 000381 

3-  4 

— 0. 000081 

-0. 000033 

— 0. 000046 

+0. 000028 

3-  5 

— 0. 000004 

— O.OOOOOI 

— 0. 000004 

0,000000 

4—  I 

— 0.0001 

—0. 00001 1 

— 0. 0002 

+0.000013 

— 0. 000003 

0.000000 

4—  2 

— 0. 0007 

— 0. 000033 

+0. 0001 

—0. 000646 

+0.  0002 

— 0. 000015 

0.  0000 

+0. 000206 

4—  3 

— 0. 0003 

— 0. 000237 

+0.0006 

— 0. 000103 

— 0.  0002 

—0.0001 61 

—0.0004 

+0. 000066 

4—  4 

— 0. 000036 

+0. 000022 

— 0, 000022 

— 0.000009 

4-  5 

— 0. 000003 

—0,000017 

—0. 000006 

+0,000008 

4-  6 

— 0.  000002 

u,  uuuuuu 

+0.000001 

»; —  2 

— 0. 0020 

— 0.  000202 

+0.0017 

— 0  0002 C A 

— 0. 0001 

— 0. 000034 

— O.OOOI 

J_0  OOOOTI 
r^v/.  Www  J 

5—  3 

+0.0004 

— 0.  000292 

+0.0017 

+0. 000077 

+0.  0002 

—0.000168 

— -0. 0008 

— 0.000044 

S—  4 

— 0.  0001 

— O.OOOOOI 

0. 0000 

— 0. 000025 

—O.OOOOOI 

+0. 000026 

5-  5 

— 0. 000007 

— 0. 000006 

— 0.000004 

+0.000006 

5-  6 

+0.000004 

— 0. 000005 

+0. 000003 

+0. 000002 

6-  2 

+0. 0007 

— 0.000160 

— 0.0041 

— 0. 000034 

+0.  OOOOIO 

— 0.  000001 

6-3 

+0.0016 

+0.000158 

-}-0.  0012 

— 0. 000196 

+0. 0008 

+0. 000071 

— 0, 0006 

+0.000092 

6-4 

— 0. 000020 

—0.000044 

— 0, 00001 1 

+0. 000030 

6-5 

+0.000010 

— O.OOOOOI 

+0. 000009 

+0. 000002 

6-  6 

+0.  000002 

— 0. 000002 

+0. 000003 

+0. 000002 

6-  7 

+0.000004 

+0,000001 

+0. 000002 

—O.OOOOOI 

7—  3 

—O.OOOOOI 

— 0, 000025 

+0.000001 

+0. 000008 

7-  4 

—0. 000018 

—0,000009 

—0. 000012 

+0. 000007 

7-  5 

+0. 000007 

—0,000006 

+0, 000006 

+0. 000005 

7-6 

+0. 000003 

+0.000004 

+0. 000001 

— 0.000003 

7—  7 

+0. 000001 

+0.000001 

+0.000001 

—O.OOOOOI 
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Thinking  that  possibly  the  second-order  terms  in  6T  not  factored  by  the  time 
might  sensibly  aflfect  the  long-period  inequality  in  the  longitude  having  the  argument 
3^'  — I  have  made  a  rough  determination  of  them.  But  as  the  resulting  quantity 
was  quite  small,  it  seems  unnecessary  to  give  more  details  in  reference  to  it  than  the 
following : 

I  found   

it 

g^)  —  o.ooooos  cos  (3p"  —  g') 
+  0.000009 
+  0.000006 
+  0.00003s 


6V  =  +  0.000019  sin  (3^"  —  g')  +  0.000045  cos  {zg''  —  g') 

Whence,  by  twice  integrating, 

=  —  o".oo7i  sin  (3p''  —  g')  —  o'^oI67  cos  {zg*^  — 


=     0.000000  sin  (35f"  — 
g^n^cJis''  =  4"  0.000039 

dT' 

r"g^v''  =  —  0.000007 


CHAPTER  XXIL 


PERTURBATIONS  OF  JUPITER  PROPORTIONAL  TO  THE  PRODUCT  OF  THE  MASSES  OF  SATURN  AND 

URANUS. 

We  now  attend  to  the  sensible  inequalities  of  Jupiter  and  Saturn  whose  argu- 
ments involve  not  only  the  mean  anomalies  of  these  two  planets  but  also  that  of 
Uranns.  They  all  owe  their  sensible  magnitude  to  large  integrating  factors.  In  the 
present  chapter  we  investigate  the  inequalities  of  this  kind  which  belong  to  Jupiter. 
They  are  only  two  in  number,  having  severally  the  arguments  (^g*  —2g  —  ^g*'  and 

If  we  divide  the  function  T  into  the  two  portions,  T^,  and  T^,,,  severally  pro- 
duced by  the  action  of  Saturn  and  Uranus,  and  adopt  a  similar  division  and  notation 
for  n8z^  io!8z\  ri'dz'\  v,  v\  and  the  portion  of  the  correction  5T  of  T,  which  pro- 
duces the  terms  of  the  kind  we  are  seeking,  is 

It  has  been  assumed  that  all  terms  arising  from  inclination  of  orbits  may  be  neglected. 
Of  the  ten  terms  of  this  formula  it  is  discovered  that  two,  the  seventh  and  ninth,  are 
quite  insignificant.  The  first  factors  of  the  first  five  terms  have  been  determined  in 
Chapter  VIII,  and  are  there  designated  severally  as  A,  F,  B,  Gr,  and  C.    T^/;  is  given 

in  Chapter  IV.    The  factors  ^-gp  and  C^//  we  have  had  no  occasion  to  derive.  The 

terms  which  here  depend  on  them  are  so  minute  that  it  is  accurate  enough  to  estimate 

the  few  terms  of  these  factors  by  a  sort  of  induction.    We  assume  that  r-—-  and  C^// 

bear  the  same  relation  to  T^/.  that         and  C^/  do  to  T^,.    In  this  way  we  get, 

d/r 

the  coefficients  in  seconds  of  arc  being  expressed  by  their  logarithms, 


-  (9,36)  sin  (3p" 

-  29)  +  [948]  cos  (35" 

-  '9) 

+  [9.43]  sin  {igo 

-  39)  -  [9-92]  COS  {39" 

-39) 

+  [8.52]  sin  (35r" 

-4g)-[g.i2]  cos  isg" 

-49) 

-  [8.86]  sin  (35" 

-  2g)  +  [8.98]  cos  {sg" 

-29) 

+  [8.93]  sin  (3*7" 

-  39)  -  [9-41]  cos  (3^" 

-39) 

—  [8.00]  sin  {ig" 

-  49)  +  [8.60]  COS  {zg" 

-49) 
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The  second  factors  of  the  formula  have  already  been  given,  with  the  exception  of 
S(^^^  ,  which  is  given  by  the  equation 


UX"  ndt 


It  is  sufficient  to  compute  in  6T  the  coefficients  of  the  terms  having  the  four 
arguments 

-  r  +      -  25f  -  3flf"       -yj^6g'-g-  sg''      6g'  -  z^r  -  sg"      V  +  ^9'  -  39  -  39" 

For  those  having  the  argument  6g'—  ig  —  zg"  it  is  necessary  to  employ  the  complete 
formula,  involving  eight  terms ;  but  in  the  case  of  the  remaining  three  arguments, 
which  involve  y,  it  suffices  to  reduce  the  expression  of  5T  to 

In  computing  the  terms  with  the  argument  6/— 2^— 3/'  the  following  are  all  the 
combinations  of  arguments  (by  subtraction)  which  give  sensible  results : 

A,     or  C  J'm",  or  F  or  G  {n'^z')m"  or  v'^- 

^9'  -  39  ^tli  39"  -9  19'  -  2flf  with    3flf"  -  g' 

^9*  —  49  with  35f"  —  2g  4g'  —  2g  with    3/;"  —  2g' 

^9'  -  55^  wit^  39"  —  39  39'  —  2£f  with   ^9"  —  39' 

6g'  —  6g  with  sg''  -  4g  2g'  —  2g  with    3/'  —  4g' 

39''  —  29       with        6g'  — 
35^''  -  39       with        6flf'  -  <,g 
39"  —  49       with        6g^  —  6g 

In  the  terms  of  5T,  containing  y  in  their  arguments,  the  combinations  giving  sensible 
results  are 

For  —  r  +  6fif '  —  2fif  —  3fir"  For  —  ^  +  6tf '  —  fif  —  35^" 

F  or  G  (n^dz%n  or  v'm'/  F  or  G  (n'd*')**"  or  v'^'/ 

—  K  +  5^'  —  2i7     with     sg"  ^  g'  ^y+^gf  —  g     with     3^7''  —  g' 

—  r+4f  —  ^9     with     35f"  —  2g'  ^y^^g'^g     with     3^''  —  2g', 

—  7+  39'  —^9     with     3flf"  —  3i/'  ^yj^^gf^g     with     3^"  —  3flf' 

—  y  +  29'-9     with     3flf"  -  45^' 

Forx  +  65r'  — 3J-3P" 
F  or  G  (n'^y)„/.  or  v'^^ 

r+  S9'  —  39     with     3^"  -  g' 

r+49'-  39     with     35f"  -  2g' 

r+39'-  39     with     sg'f  -  3flf' 
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These  details  suffice  to  show  how  the  terms  we  seek  are  to  be  obtained.  But  the 
results  are  limitedj  in  point  of  precision,  to  quantities  of  two  dimensions  with  respect  to 
disturbing  forces.  However,  in  the  coefficients  of  the  teims  having  the  arguments 
6g'  —  2g  —  ig''  and  —  y-\-^g'  —  2g  —  3/',  it  is  necessary  to  have  their  vaiiations  pro- 
portional to  %  which  are  of  three  dimensions  with  respect  to  disturbing  forces.  As  it 
is  impossible  to  follow  a  rigorous  process  in  getting  these  terms,  on  account  of  the 
numerous  combinations,  we  are  compelled  to  resort  to  very  much  abbreviated  formulae. 
There  is  no  proof  that  the  latter  afford  results  sufficiently  accurate  for  practical  pur- 
poses, yet  there  is  reason  for  thinking  that  they  give  the  salient  portion  of  these  terms. 
It  is  deemed  sufficient  to  put 

Each*  of  the  four  factors  in  the  right  member  of  this  equation  must  be  supposed  to 
receive  an  augmentation  proporticnal  to  nt  Operating  then  on  the  equation  with 
the  symbol  8  we  have 

Of  the  factors  involved  in  this  (w'^V)^//  and  ^v'^,,  have  been  determined  in  the  preced- 
ing chapter.    Of  the  two  new  quantities       and  5Gr  introduced  into  the  equation, 

when  we  recall  that  F  =  g^,  it  will  be  seen  that  an  approximate  expression  for  (5F 

will  be 

Of  the  quantities  involved  in  this  equation  ^  and  ^  have  already  been  used  in 

Chapter  XVII  for  the  determination  of  ^^T;  k.n8^  +  Br  has  been  computed  in  Chapter 
XI ;  to  the  factors  n^6^  and  we  attribute  only  their  secular  terms  as  values.  In 
like  manner  we  have 

v*'*^+f»*«+ i'wl  ■  ^  ■  ^ +(4)(^^)  • 

All  the  first  factors  of  the  right  member  of  this  equation  have  been  used  in  Chapter 
XVII.    As  before         n6^,  v\  and  v  may  be  supposed  reduced  to  their  secular  terms. 

After  6T  has  been  determined,  it  still  remains  to  get  the  portion  of  nS^js  which 
undergoes  but  one  integration;  this  is 

(^)»^-  +  '-=(^>')-  H-(^)..(»^»)..  +  ....... 

The  quantities  involved  here  are  so  small  that  there  is  no  necessity  for  considering 
any  terms  of  three  dimensions  with  respect  to  disturbing  forces. 
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Giving  to  the  factors  involved  their  previously  ascertained  values,  performing  the 
multiplication,  and  preserving  only  the  terms  which  are  of  use,  we  have  the  following 
expressions  for  6F  and  6G: 


cos. 

nt  Bin. 

nt  sin. 

nt  COS. 

H 

V  i 

// 

// 

— I 

3-  2 

~o.  000523 

— 0. 000208 

-f  0. 000410 

— 0. 000035 

0 

2—  2 

— 0.000041 

+0. 000304 

—0. 000067 

-f  0.000081 

— I 

4-  2 

—0. 002623 

— 0. 008376 

-f  0.004163 

—0.012753 

0 

3-  ■  2 

— 0. 005872 

-f-o.  002898 

-f  0. 010443 

+0.005455 

—I 

5-  2 

+0. 000948 

—0. 004258 

—0.001599 

—0.005215 

0 

4~  2 

— 0. 002740 

—0.000160 

-fo.  003667 

—0. 000542 

o 

S-  2 

—0. 000568 

— 0. 000372 

+0. 000554 

— 0. 000541 

The  following  expression  is  obtained  for  6T: 


Argument. 

sin. 

COS. 

^9—20-39" 

r-\-^g—39—3g'' 

//  // 

+0. 00099  — 0*  oooooioi3«/ 
— 0. 00067 

-[-0. 0005921 — 0. 000000I4I0W/ 
— 0. 00015 

//  // 

— 0.  00381     +0.  000000422«/ 

— 0. 00002 

+0.  0000322—0.  00O0002907«/ 

-1-0. 00009 

The  logarithms  of  the  integrating  factors  are 

^9^—  9  —  0.0032 
6^'  —  2<;  —  zQ^'  2.i282on 
^9'  —39  —  39''  9.996871 

It  is  found  that  the  terms  from  (j^^^^^  +     are  insensible. 
By  the  application  of  the  usual  treatment  to  ST  we  get 

//         //  //  // 

ndz  =    [—  0.1396  +  o.ooot3sn^]  sin  {6g^  —39  —  39'')  +  [    0.4897  —  o.oooo56nf]  cos  (6g^  —  39  —  39'') 
+  [-  9.3451  +  0.002545^*]  sin  {6g'  —  2g  —  351")  +  [-  1.2796  +  o.oo5246n^]  cos  i6g'  —  2^  -  ^g'') 

V  =    [  —  0.0698  +  0.000067^*]  cos  (6g^  —  3<;  —  35r")  +  [—0.2449  +  o.oooo28n<]  sin  (6^'  —  3g  —  39") 
+  [—  0.0551  ]  cos  (6/  —  2^  —  3^")  +  [-0.0047  ]  sin  {6g^  -  2^f  —  ^g^') 
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PERTUEBATIONS  OF  SATURN  PROPOKTIONAL  TO  THE  PRODUCT  OP  THE  MASSES  OF  JUPITER  AND 

URANUS. 


Like  those  discussed  in  the  preceding  chapter  these  perturbations  owe  their  sensi- 
ble magnitude  to  large  integrating  factors.  They  are  more  numerous  and  larger  than 
in  the  case  of  Jupiter.    The  formulae  for  their  determination  are  quite  similar. 

If  we  divide  the  function  T'  into  the  two  portions,  T'^  and  T'^,,,  severally  pro- 
duced by  the  action  of  Jupiter  and  Uranus,  the  portion  of  the  correction  <5T'  of  T\ 
which  produces  terms  of  the  kind  we  are  seeking,  is 


A',  B',  C\  F',  and  G'  have  been  determined  in  Chapter  VIII,  the  remaining  five  first 
factors  have  been  employed  in  Chapter  XXI.    The  factor 


2V\ 


The  factors  (n"6sf')^  and  v"^,  being  the  Jupiter-perturbations  of  Uranus,  must  be 
derived  from  the  theory  of  the  latter  planet.  The  terms  they  give  rise  to  are  very 
small.    The  following  are  sufficiently  exact  expressions  for  these  factors:* 


—  [4.49]  sin  (2gf  - 

9") 

—  [2.03]  cos  (2flf  — 

9") 

-  [3-70]  sin  (2flf  - 

2g") 

—  [3.27]  COS  {2g  — 

29") 

—  {3.10]  sin  (2flr  — 

39") 

—  [2.88]  cos  (2g  — 

39") 

—  (4.49]  cos  {2g  — 

9")+  [1-65]  C0S(2fll  - 

9") 

+  [3-55]  cos  {^9  - 

2g") 

—  [341]  cos  (2g  — 

2g») 

+  (3.26]  cos  {2g  — 

39") 

—  [3.04]  cos  (2g  — 

3g") 

The  remaining  factors  have  already  been  given. 

As  in  the  case  of  Jupiter  it  is  necessary  to  consider  some  terms  of  three  dimen- 
sions with  respect  to  disturbing  forces  and  which  are  factored  by  n'L    This,  however, 

*An  Investigation  of  the  Orbit  of  Uranus,  by  Prof.  S.  Newcomb,  page  63. 
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is  only  necessary  for  the  temis  of  ST'  having  the  arguments  6g'  —  2g  —  ^g*'  and 
—  x'+^y—  25^  —  3/'-    Here  we  can  reduce  the  expression  for  ST'  to 

Subjecting  this  equation  to  the  operation  S  we  have^  — — 

+  dA'(n'dz%.  +  SB'y'^.  +  dA'^.{7i'dz%  +  SB^^.y^^ 

In  this  expression  four  new  factors,  SA',  SB\  5A'^«,  and  SB'^.,  appear.  Remembering 
that 

it  will  be  seen  that,  with  sufficient  approximation,  we  have 

dA'  dW  d 

SB'  =  +  (r'^)  V .  K'  +  +  (4)(.'^)t'  .  . 

Here  the  factors  nS^y  ^Sz\  r,  v',  and      are  to  be  reduced  to  their  secular 

terms.  The  proper  expressions  for  ^'Sz''  and  v"  have  already  been  given  (page  458). 
F'w5^  +  GV  has  been  determined  in  Chapter  XIV.  The  first  factors  of  the  expres- 
sions for  Ski  and  SB!  have  already  been  employed  in  the  detei^mination  of  the  terms 
of  three  dimensions  for  Saturn.    B'^,,  and  G'^//  have  been  derived  in  Chapter  XXI. 

The  terms  which  arise  from  the  term  having  the  factor  (^'^jp^^^ m»  are  very  small. 

It  has  been  thought  sufficiently  accurate  to  estimate  by  induction  the  needed  terms 
of  this  factor.    They  are 

(^i^"^'-"^  ]  sin  (3^7"-  ^')-[9.27    ]  cos  (3^7"  -  g^) 

-  [0.2248]  sin  (3/7"  —  25f')  +  [0.7693]  cos  (35f''  —  29') 

-  [1.3276]  sin<3i7"  -  3^')  -  [1.4748]  cos  (3^"  -  3^') 

-  [0.6241]  sin  (3p"  -  4^/0  -  [0.3256]  cos  {sg"  -  45^0 
-[9.64    ]  sin  (3/7" -s^')- [9-13    ]  cos  (35f"  -  s^r') 

On  account  of  the  smallness  of  v^'  the  last  term  of  ^B'^,,  has  been  neglected. 
Lastly,  for  the  terms  of  ST\  having  the  argument  —  x'  +  6g'  —  2g  —  3/',  it  suffices  to 
consider  SA'  and  SB'  alone,  omitting  altogether  SA'^n  and  SB'^n. 
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On  making  the  snbstitntions  in  the  formulae  there  has  been  found 


Argument. 

COS. 

sin. 

sin. 

COB. 

// 

ff 

// 

// 

— O.OOI2«7 

+o.oi86«7 

+0.  ooo7«'/ 

-|-o.  oo5o«V 

29'— 2g 

-f  0.  00283^'/ 

— 0.  oo572«V 

—0.  oo264»V 

4-0. 00107/*'/ 

—0. 1954«V 

-fo.  II02«V 

+0. 02985??'/ 

+0.  oi'jo'jn'i 

39''-2g 

-fo.o9058«V 

—0. 04545»V 

—0.  I5999«V 

— 0. 082  74«'/ 

—r''\'S9'—2g 

—0.  io96«'/ 

— 0.  0020«7 

+0. 1374«'^ 

— O.OI32«'/ 

49—29 

-fo.  o6i26«V 

+0. 0025  i«V 

— 0. 08552^'/ 

+0.  oo898«'/ 

59-29 

+o.oi685«'/ 

+0.  oio75«V 

— 0.  oi795«V 

+0,OI542«'/ 

Argument. 

dA'^" 

COS. 

sin. 

sin. 

COS. 

39"-  9' 
3^"— 2^' 

39"-39' 
39"-49' 

// 

— 0. 0002 1 63«'/ 
+0. 0007007W'/ 
-f  0.00001 «'/ 
+0.  ooo44«V 

// 

4-0.  ooooo54«'/ 
4-o.ooi37oo«V 

4-0.  00029«'/ 

4-0. 000 1  o;;'/ 

// 

4-0. 0001 01 »'/ 
— 0.  ooo288»'/ 
4-0. 00023»V 
— 0.  ooi6in't 

t( 

— 0. 00003 1 «'/ 
4-0. 000444W'/ 
4-0. 00023«V 

4-0. 0002 1 »'/ 

Computing  the  terms  of  two  dimensions  of  ^T',  which  have  the  argument 
6g'  —  2g  —  3^' ,  we  obtain  severally  for  each  of  the  ten  terms 


A\n'6z%n  =  —  0.0044383  sin  (6^  —  2^  —  z9**)  —  0.0003686  cos  (6^'  —  2^  —  35") 

Wv'^n  =  —  0,0026341 


W{ndz)^„  =  —  0.0000102 
GKv„.f  =  —  0,0000042 


(ri'<J5;')„=  —0.0032506 
B'„..v'„  =  —  0,0024209 


4-  0,0000094 


=  —  0.0000001 


=  +  0,0000003 


+  0,0003563 
4-  0,0001902 
4-  0,0000402 
4-  0,0000342 
4-  0,0000926 

—  0,0002530 

—  0,0002299 

4-  0,0000003 
-f-  0.0000014 


And  their  sum 

=  —  p".oi27282  sin  {6g'  —  2^;  —  3jr")  —  ©''.0001363  cos  (6^'  —  2^  —  ig*') 
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In  like  manner  the  terms  having  the  argument  —  /  +  6/  —  2g  —35^"  are  composed  as 
follows: 

//  ti 
A\n^dz%n  =  +  0.02049  sin  (—  /  +  e^f'  —  25^  —  z9^^)  +  0.01306  cos  (—  f  +     —  ig^^g^^) 

Wv^^n  =  +  0.01484  +  0.00461 

0'(y^^^  =  +  0.00016  —  0.00028 

¥\ndz)^,f  =  +  0.00010  —  0.00009 

(yy^u  =  +  0.00008  —  0.00007 

yji'oz^J  =  —  0.00029  +  0.00034 


-y'^  =  —  0.00019  +  0.00022 


G'^ndyj^J  =  —  0.00007  +  0.00020 

And  their  sum 

ST  =  +  o'^o35i2  sin  (-  /  +  6g'  ~  ig  ^  3^'')  +  o'^oi799  cos  (-  y'  +  6g'  ^  ig  ~  35(^0 

In  computing  the  terms  of  three  dimensions  having  these  arguments,  it  has  been  found 
that 

//  // 
A^{n^6^z%,r  =  +  0.00000 1 69 in'*  sin  {6g'  —  2g  —  3^;")  +  0.00000066971'*  cos  (6p'  —  2flr  —  3^'') 

Wdv'^n  =  +  0.000000657  —  0.000000066 

•A'„/,(n'(yV)„  =  —  0.000000071  +  0.000003517 

W^ndy^n  =  +  0.000000258  +  0.000002653 

SA^n^Sz')^,*  =  +  0.000000205  +  0.000003270 

dBV„„  =  +  0.000001 1 71  +  0.000002409 

dA*„„{n*Sz^)„  —  +  0.000002989  +  0.000000528 

SB^^^y'^  =  +  0.000000269  —  0,000000182 

And  their  sum 

d^T  =  +  o".ooooo7 16971'*  sin  {6g^  —  2g  ^  351")  +  o".ooooi2798n'*  cos  (6p'  —  2^  —  3^") 
In  a  similar  manner  for  the  terms  belonging  to  the  argument  —    +  6g'  —  2g—  2^g^' 

It  u 

A'(n'(yV)„»  =  —  o.ooooo7in'*  sin  (—  ;/'  +  6^'  —  2p  —  3flr")  —  0.000007411'*  cos  (—  y*  +  6^;'  ^ig^^g^') 

Wdy^„,f  =  —  0.0000042  —  0.0000010 

6A^{n^dz^)„„  =  +  0.0000067  ~  0.0000087 

dWy^^ft  =  —  O.O000003  —  0.0000104 

And  their  sum 

//  // 
<y*T'  —  —  0.090004871'*  sin      ^  4.  6g*  —  2^  —  3^;")  —  0,000027571'*  cos  (—  y*  4-  6/  —  2^  —  3^") 
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Adding  to  the  previous  terms  those  dependent  on  the  arguments  — /'+75^'— 25^— 3^' 
and  /+55^'— 25^— 3/'j  of  the  computation  of  which  it  is  thought  unnecessary  to  give 
any  details,  we  have  the  following  complete  expression  for  6T': 


Argnment. 

fiin. 

COB. 

//  // 
-l-o.  035 1 2   —0.  ooooo48«  V 
+0. 01 1 55 

— 0. 01272824-0.  ooooo7i69«V 
-i-o.  00419 

//  // 
+0. 01 799  —0. 000027  5«'' 
+0. 00092 

— 0. 0001363-1-0.  ooooi2798«V 
— 0. 00039 

The  logarithms  of  the  integrating  factors  are 

75f'—     —  3£f"  0.0081 

—  '^g  —  Z9"  9-9920W 
The  very  familiar  process  being  applied  to  ^^T'  we  get 


dW7=    [    1.8193  —  0.00026071'^  ]  cos  (5^/'  • 
+  [—  0.9874  +  0.00148871'^  ]  sin  (5<7'  ■ 
0-65875  +  0.0003878*1'*]  cos  (6<;'  ■ 
0.02967  —  0.000692371'*]  sin  (6<7' ' 


+[- 
+  [ 


'"2\~dy' — )~  [~  0-9096  +  o.oooi3on'«  ]  sm  (sp'  ■ 
+  [—  0.4937  +  o.ooo744w'«  ]  cos  (sflf' . 
+  [    0.00794  ]  sin  {6g' 

+  [    0.00028  ]  cos  (fig'  ■ 


2g 

2g 

2g' 

29 


39") 
39") 
39") 
39") 

39") 
39") 
39") 
39") 


d  6^z^ 

In  order  to  have  the  value  of  — —  it  is  necessary  to  add  to  the  first  of  these 


expressions  the  terms  which  arise  from 


When  this  is  expanded  it  talces  the  form 


+  2V'^V', 
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These  terms  are  significant  only  in  the  case  of  the  argument  6/—  2^  —  3/'.  All  the 
factors  involved  have  been  already  given.    It  is  found  that 

\W A^"'^^^""        0-03468  COS  {6g'  -  2^  -  3^")  +  0.01438  sin  (6^'  -  2^  -  3^") 
/^dW7\   

2>^'«^'«"  =  —  O.O181O  —  0.00707 

Ana  tneir  sum  =  +  0.05163  cos  {6g'  —  2^  —  3^')  +  0.02084  sin  (6p'  —  2^  —  sg*') 

It  is  necessary  to  consider  the  terms  of  three  dimensions  factored  by  n't  which 
arise  from  the  same  source,  and  which  are  given  by  the  formula 


All  the  factors  of  the  six  terms  of  this  expression  have  been  given  in  preceding  chapters. 
It  is  found  that 


\~d)P~ )  (^'^*^)'-  "  —  ~"  o«ooooo94n'^  cos  ifi^  —  2^  —  3^")  —  0.000005611'^  sin  {6g*  —  2^  —  3^") 

~dp')  J^'^^')m=  —  0.0000193  +  0.0000356 

2v*^dv'^,f  =  +  0.0000047  +  0.0000028 

2v'^,,^v'«=  +  0.0000100  —  0.0000184 

—  ^   n^dt  v^^^)^"  ^  ~"  0.0000211  +  0.0000369 

d  .  Sy*^ft.  .  -  „ 

~"  ^    n'dt   (^^^^    =  ~  0.0000093  —  0.0000053 

And  their  sum  =  —  o.oooo444n'i  cos  (6^'  —  2^  —  3^")  +  o.oooo46on'^  sin  {6g'  —     —  3^'') 

In  consequence 


d  .  V  _ 
dt  ~ 


[  1.8193  —  o.ooo26on'^  ]  cos  (5^'  —  2^  —  3^'') 
+  [—  0.9874  +  0.00148871'^  ]  sin  (5^'  —  2g  —  3p") 
+  [—  0.60712  +  0.000343471'^]  cos  (6^'  —  2g~  3^") 
+  [    0.05051  —  0.000646371' ^]  sin  {6g'  —  2^  —  3^") 


And,  by  integration, 


n*6*z'  =  [-  1.7848  +  0.00025571'^]  sin  {s9'  -  2^  -  39") 
+  [—  0.9698  +  o.ooi46in'<]  cos  (5p'  —  2^  —  3^") 
+  [  30.951  —  0.0185871'^  ]  sin  (6g'  —  2g  ~  3^") 
+  [      3-738  —  0.0349671'^  ]  cos  [eg*  —  2^  —  3p") 
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Neglecting  any  further  consideration  of  terms  in  6v\  we  get 

//  //  //  // 

dy'=    [—  0.8921  +  o.oooi28«'i]  cos  (s£r'—  2g  —  3^'')  +  [0.4848  —  o.ooo730«'i]  sin  (sy'—  2g  —  3^") 

+  [    0.429s  ]  cos  {6g'  -  2£r  -  sg")  -  [0.0151  ]  sin  {6g'  -  2£r  -  3^") 

This  completes  the  determination  of  the  inequalities  of  Saturn  having  the  argu- 
ments 5/  —  2g  —  ig''  and  6g'  —  2g  —  ig'\  But  there  are  certain  other  inequalities  of 
long  period  depending  on  all  three  anomalies.  The  following  is  a  list  of  all  that  seem- 
ingly could  be  of  any  importance,  together  with  the  logarithms  of  their  integrating 
factors: 


Argument.  * 

Log. 

integrating  factor. 

Argument. 

Log. 

integrating  factor. 

2^'-  g 

o.877i« 

^9"  -    79'  +  29 

1. 1527 

g**  -  Z9'+  9 

o.7796« 

79"-  59'+  9 

i.205in 

2^"-  39"+  9 

0.7340 

79"  -  io<7'  +  sg 

T.oi9in 

3£r"+  49' -29 

1.0696 

99"-  ^9' +^9 

0'9^33 

49''+    9'-  9 

1.092671 

log''  —  iig'  +  sg 

1-3579^ 

4£r"-  4<7'+  g 

0  942371 

10^"—  6g'+  g 

1.978471 

49"  ~  99' +  39 

0.83 1 2« 

As  the  inequalities  having  these  arguments  are  evidently  quite  small  it  will  suffice  to 
compute  them  by  the  most  abbreviated  formulae.  We  take  for  6T'  only  the  portion 
independent  of  y',  and  then  have 

We  may  limit  6T'  to  the  following  terms 

=  A'{n'Sz%.  +  BV'„„  +  A'^.(n'6z')^  +  B'^.v'^ 

The  following  expressions  have  been  found  for  6V  and  w'5V: 


Argument. 

ST 

sin. 

COS. 

sin. 

COS. 

// 

// 

// 

// 

2^'—  g 

+0. 000025 

+0. 000422 

—0.  001 

—0. 024 

g''-  39'+  9 

+0.001 579 

+0. 004755 

-0.057 

— 0. 172 

25"—  Z9'+  9 

+0.00137 

—0. 00748 

—0.  040 

+0.  220 

Z9"+  49'— 2g 

+0. 000414 

+0. 000272 

—0.057 

— 0. 037 

49"+   9'-  9 

+0. 000024 

+0. 000002 

— 0.  004 

0. 000 

49"-  49'+  9  . 

+0.001 188 

—0. 000898 

—0.091 

+0. 069 

49"—  99'+Z9 

+0.0001 16 

— 0. 000312 

— 0. 005 

+0. 014 

^9"—  79+2g 

+0. 000812 

+0. 000096 

— 0.  164 

— 0.019 

79"-  59'+  9 

+0.000039 

— 0. 000026 

— 0.010 

+0. 007 

79"— log' +39 

— 0. 000002 

+0.000123 

0.000 

—0.013 

99"-  ^9'+2g 

+0. 000015 

+0.000009 

— 0. 001 

-—0. 001 

iog''—iig'+29 

— 0.0000051 

+0. 0000072 

+0. 003 

—0. 004 

log*'—  6g'+  g 

— 0.0000001 

+0.0000001 

CHAPTER  XXIV. 


PERTURBATIONS  OF  THE  LATITUDE  OF  JUPITER  OF  THE  SECOND  ORDER  WITH  RESPECT  TO 

DISTURBING  FORCES. 

The  sensible  terms  of  these  perturbations  of  the  latitudes  of  our  two  planets  arise 
only  from  their  mutual  action.  They  are  quite  small,  and  hence  admit  some  simplifi- 
cations in  their  computation,  besides  those  indicated  by  Hansen  in  the  Auseinander- 
setzung. 

The  co-ordinate  u  being  obtained  through  the  equations  * 

similarly  with  Hansen!  we  will  put 
^  =  A"n6z  +  B"(v  -  0)  +  0"d*  +  D"^.  +  E"^^  +  W'n>6z'  +  G"(y  -C)  +  R"^ 


We  have 


where 


A"  =  ^  B"  =  T  +  U 


C  being  the  quantity  so  denoted  (page  76) ;  has  already  been  derived  in  com- 

puting D,  one  of  the  factors  involved  in  ST.    Next  we  have 


0''  =  U 


In  the  computation  of  D''  and  E''  Hansen  puts  D''  =  D/'+Da"  and  E"=  E/'  +  E/'; 
but       and  Eg"  are  quantities  of  the  second  order  with  reference  to  sin  i,  sin  i%  and 


sin  J,  besides  being  of  the  order  of  the  disturbing  force.    Hence,  Dz'-^-^  and  Eg"^ 


*Aii8einandersetznng,  Abtb.  I,  pp.  102,  103,  gl.  (45),  (46). 
tAuseinandersetzung,  Abtb.  I,  p.  133,  gl.  (83). 
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being  of  the  third  order  with  reference  to  the  inclinations  and  of  the  second  with 
reference  to  disturbing  forces,  may  be  neglected.    We  can  then  write 

L  T  COS*  <P  df     r  dr  J 

„r  jdm  ,  er  sin  fdn     i  +  2€  cos /+  dfl^ 

r  cos  ^  r 

In  addition  we  have^ 

F"  =  ^  G"  =  -(Y  +  2U)  H"  =  OavJ^co8t 

Thus,  we  can  write 

dJ}  =  -^ndz  +  +  Y(v  -  o  -  y'+&)  +  U(^v  _  2  v'  +  2c'  +  (^jj^J 


cos  t        cos  *        cos  t' 


Here  SJJ  appears  as  the  sum  of  seven  products  instead  of  eight,  as  with  Hanhen. 

It  is  necessary,  then,  to  compute  the  developments  of  the  four  factors  Y,  D'',  E", 
and  H".    By  neglecting  certain  terms  factored  by  sin^  J  we  can  putf 

Of  the  factors  involved  in  D"  it  is  sufficient  to  put 

CT  sin  f 

aco8>  =  2[8.3833]  sin  g  +  2[6.765sJ  sin  2g 

I  ^  2C  COS  f  6^ 

 ^  =  [o.ooio]  +  2[8.68s4]  COS  g  +  2[7.3688]  cos  2g 

In  addition 

=  1.0047  +  o«i689  COS  ^f'  +  0.0142  COS  2g'  +  0.0012  cos 

=  2[9.698o]  sin  {y  ^  g)  —  2(8.3825]  sin  y  +  2[8.38i7]  sin  {y  —  ig)  +  2f7.i2]  sin  {y  -  ^g) 

In  all  these  computations  it  is  unnecessary  to  pay  attention  to  the  factor  cos  % 
as  we  intend  to  take  the  plane  of  the  orbit  at  the  epoch  1850  as  the  plane  of  reference, 
which  makes  %  =  o. 

'Auseinandersetzung,  Abth.  I,  p.  136,  gl.  (97),  (98),  (99). 
tAuseinandersetzung,  Abtb.  I,  p.  120. 
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The  following  is  the  result  of  the  computation  of  the  only  quantity  inde- 
pendent of  y  which  it  is  worth  while  to  give: 


D 

D 

D 

// 

C 

C 

Arg=i'. 

Arg=i'^'+{^ 

Arg=»'^'+t^ 

COB. 

sin. 

COB. 

sin. 

COS. 

sin. 

i 

// 

// 

t'  i 

// 

// 

i'  i 

// 

// 

0 

0 

-28.  33 

3  0 

0.00 

—  0. 12 

5-  4 

—I.  57 

—6.  29 

0 — 

I 

+   I. 41 

-f  3-76 

3-  I 

—  1.46 

+  0.29 

5-  5 

—7.69 

+4.  22 

0 — 

2 

+  0.18 

—  0. 10 

3—  2 

+  6.24 

+  8.25 

c—  6 

— 0. 99 

+0.07 

1+ 

+  0.02 

+  0.03 

3—  3 

+  14.58 

—20.  17 

2 

+0. 28 

If 

I 

+  0.38 

—  0.30 

3—  4 

+  I. IS 

—  0.89 

6-  3 

+0.  20 

I 

0 

—  6.46 

—  4.07 

^ —  S 
0  J 

+  0.  II 

0.00 

0 —  4 

+0.43 

—1.63 

I — 

I 

—  7.99 

+38.  74 

4—  I 

—  0. 20 

—  0.06 

6-5 

-4'  57 

+0.16 

I — 

2 

+   I. 31 

+  0.04 

4—  2 

+  0.23 

+  1.89 

6-  6 

+1.35 

+4.86 

I— 

3 

—  0.03 

—  0.08 

4—  3 

+  7.75 

—  3-73 

6-  7 

—0. 14 

+0.  69 

2+ 

I 

+  o.os 

—  0.02 

4—  4 

—  9.96 

— II.  21 

7-  4 

+0. 24 

— 0.  26 

2 

0 

—  0.44 

—  0.88 

4-  5 

—  0.42 

—  I.  20 

7—  5 
7-6 

— 0.  62 
+3.06 

2  — 
2— 

I 
2 

—  6. 66 
+36.11 

+  5-88 
+  15.71 

4-  6 

+  O.OI 

—  0.08 

-1.25 
— 0. 61 

2 — 

3 

+  1.26 

+  0.48 

5—  2 

—  0.  12 

+  0.26 

7—  7 

+2. 84 

— 0. 10 

2— 

4 

4-  0.02 

+  0.07 

5—  3 

+  1.90 

+  0.15 

7-  8 

+0.44 

+0.21 

We  have  now  to  multiply  certain  expressions  already  obtained  by  the  factor  C 
(value  given  at  page  77),  and  thus  obtain  the  expressions  for  the  four  following 
quantities: 


Y 

D" 

H" 

Arg=w;K+i'^'+t^ 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

H     i'  i 

// 

// 

/. 

ft 

// 

// 

// 

// 

I     0 —  I 

+0. 032 

+0.  145 

-28.33 

+  0.19 

0. 00 

+0. 02 

+21.32 

—  0.  27 

—100 

+0.  327 

+o-  753 

—  2.75 

+  1.88 

— 0. 02 

+0. 09 

+  2.68 

—  2.82 

I     0—  2 

— 0. 320 

— 0. 749 

+  O.OI 

—  1.88 

+0. 02 

—0. 09 

—  0.  62 

+  2.83 

— I  0 —  I 

+0.051 

— 0, 120 

—  0.04 

—  0. 19 

+0.01 

0.00 

+  0.06 

+  0.28 

I     0—  3 

— 0. 083 

+0. 048 

+  O.II 

0.00 

—O.OI 

0.00 

—  0. 17 

—  O.OI 

-I     1+  2 

— 0. 120 

+0.097 

—  0.  II 

—  0.20 

0. 00 

0.00 

+  0.21 

+  0.29 

I     I  0 

+0. 181 

— 0. 054 

+  0.42 

0.00 

0.00 

—0. 02 

—  0.52 

0. 00 

-I     1+  I 

+0. 647 

+0. 435 

+  3-34 

-  1.55 

40.02 

—0. 10 

-  3.30 

+  2.38 

—0.  646 

-o-  435 

—  2.94 

+  3-43 

—0.04 

+0.  22 

+  2.71 

-  5. 10 

— I     1  0 

—0. 150 

+0. 042 

+  3-74 

+  19.  50 

— 0.  24 

+  1. 22 

—  5-49 

—28. 05 

I     I —  2 

+0. 157 

—0. 100 

—  4. 12 

—19.  30 

+  0.  22 

— 1, 20 

+  5.92 

+27.  75 

— I     I—  I 

+0,710 

— o-  153 

—  0.94 

-  1.38 

— 0.  12 

— 0. 16 

+  1.72 

+  1.91 

I     i~  3 

—0. 699 

+0. 140 

+  0.55 

—  0.49 

+0.  14 

+0.04 

—  1.16 

+  0.78 

—I     I—  2 

— 0. 068 

— 0.044 

+  0.07 

—  0.04 

0.00 

— 0. 01 

—  0. 10 

+  0.07 

I     I—  4 

0.000 

+0. 059 

0.00 

+  0.04 

+0.  02 

+0. 01 

—  0,02 

—  0.06 
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Y 

il 

// 

Id 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

ain. 

COS. 

ft'  { 

// 

// 

// 

// 

// 

// 

2+  I 

+0. 076 

+0. 179 

-1-  0. 10 

—  0.  '?7 

-4-0. 02 

— 0. 01 

—  0. 28 

-4-  0.  ';6 

2—  1 

— 0. 022 

— 0.  232 

4-  0. 02 

+  0,65 

— 0. 12 

0. 00 

—  0. 1'? 

—  1. 00 

—I 

2  O 

+0.561 

-^.557 

+  2.88 

+  ^.  16 

— 0. 84 

— 0. 12 

—  3.86 

—  4.  80 

2 —  2 

0.  550 

i-o.  551 

—  4,64 

—  2.36 

+1,56 

+0,44 

+  S.5I 

+  4.01 

—I 

2 —  I 

-j-0. 085 

4~o.  164 

—18.  29 

+  7.64 

+7.58 

+3.25 

+17.27 

  7.06 

2—  3 

u.  139 

~o.  1 66 

+  17.90 

—  7.90 

—7.44 

—3-19 

-1 6. 82 

+  7.53 

I 

2 —  2 

 016 

0.  573 

+  0.68 

—  0.33 

— 0.  21 

+0. 18 

—  0.  76 

+  0.85 

2 —  4 

-|-o.  001 

+  1.07 

—  0.43 

— 0. 51 

— 0.  50 

—  0.88 

—    0.  13 

2—  3 

 026 

+  0.04 

+  0.02 

— O.OI 

0.00 

—  0.04 

—  0.02 

2—  5 

-|-o.  026 

-["0. 025 

+  0.03 

—  0.04 

— 0.  03 

— 0. 05 

0.00 

—  O.OI 

3  0 

233 

— 0.046 

4-  0.6; 

4-  0.  24 

— 0.  14 

— 0.  OQ 

—  0.  QO 

—  0.  "XQ 

3—  2 

 0.  267 

  0.96 

+  0.  16 

+  0.  23 

+0. 24 

+  I.  22 

—  0,06 

3~  I 

 0  172 

—  3.34 

+  3.87 

+  0.98 

+1.49 

+  3.53 

—  4.26 

3—  3 

4-0  cci 

+  2.57 

-  4.85 

66 

-1. 91 

—  2.80 

+  S.18 

3—  2 

4-0. 168 

—0. 107 

—  7.06 

—10.  38 

+3.18 

—4.59 

+  6.42 

+  9.58 

3—  4 

-fo.  154 

+  7.32 

+  9.94 

—3.22 

+4-43 

—  6.73 

—  9. 10 

3 —  3 

— 0,  408 

 072 

  0.04 

+  0.29 

+0.  23 

+0. 12 

—  0.30 

—  0.  27 

3 —  5 

-4-0- 100 

-f-o.  087 

+  0.74 

+  0.68 

-0.53 

+0.32 

—  0.34 

—  0.62 

—I 

4  0 

+0.049 

+0. 017 

4-  0, 10 

—  0. 01 

— 0. 01 

— 0. 02 

—  0.  14 

4-  0.  01 

4-  2 

— 0. 048 

— 0. 042 

—  0. 1 1 

-4-  0. 10 

-4-0. 01 

-4-0.  04 

-4-  0.  ic 

—  0.  12 

4 —  I 

— 0. 006 

— 0. 254 

—  0.  22 

-4-  0.  8q 

— 0. 01 

4-0.  27 

-4-  0.  22 

—  I.  07 

4 —  3 

 044 

+0. 268 

—  0. 18 

—  1.07 

+0. 16 

— 0.  34 

+  d.  18 

+  1.24 

4 —  2 

—  3.74 

—  2.06 

+  I.S4 

-0. 68 

+  3.86 

+  2.06 

4—  4 

4-0  aC6 

—0.  10  j 

+  4.23 

+  1.43 

—1.76 

+0. 42 

—  4-31 

—  1.46 

4 —  3 

+  S.27 

-  5. 48 

— 2.41 

-2.5s 

—  4.82 

+  4.94 

4—  S 

~i-o  1*11 

-  4.85 

+ 

+2.25 

+2.57 

+  4-40 

—  5.08 

4 —  4 

~o.  106 

-[-o.  269 

-  0.15 

—  0. 19 

+0.09 

— 0. 22 

+  0. 10 

—  0.03 

4 —  0 

_j_o.  118 

 0.  254 

—  0.33 

+  0.73 

+0.13 

+0. 46 

+  0.34 

—  0.46 

—I 

5—  I 

+0.035 

-0.053 

-4-  0.  11 

 02 

-4-0  OA 

—  0. 05 

S-  3 

— 0.  058 

+0.  048 

  0.  11 

  0. 12 

+0.  06 

 02 

+  0. 16 

+    0.  16 

— 0. 240 

—0.  040 

—  0.  0"? 

—  0. 01 

-4-0.  11 

-4-0. 04 

-4-  I.  04 

0. 00 

+0.  241 

+0. 078 

+  1. 01 

—  0,31 

-0. 35 

—0.  18 

—  I,  10 

+  0.32 

-|-o.  062 

+  0.94 

—  3- 10 

— 0. 32 

-1.34 

—  0. 90 

+  3-08 

c   c 

— 0. 054 

— 0.  'X'l^ 

—  0.48 

+  3-29 

+0.  10 

+  1.42 

+  0.46 

—  3*26 

"I 

C—  A 

J  4 

— 0.  140 

+  3.79 

+  2.34 

—1.80 

+  1. 10 

—  3.41 

—  2. 14 

S-  6 

+0. 159 

— 0.  086 

-  3.82 

—  2,03 

+  1.80 

— 0. 96 

+  3-45 

+  1,82 

s-  S 

+0. 160 

+0, 103 

+  0.21 

—  0.  II 

— 0. 17 

— 0. 09 

—  0.08 

+  0,07 

5-  7 

—0. 144 

— 0. 110 

—  0.58 

—  0.09 

+0.3S 

— O.OI 

+  0.41 

+  0. 12 

6—  2 

-0.045 

—0.045 

-  0.15 

+  0.08 

+0.05 

+0.04 

+  0.17 

—  0. 10 

6—  4 

+0.037 

+0. 062 

+  0.  12 

—  0. 16 

— 0. 03 

— 0.  06 

—  0. 14 

+  0. 18 

6-3 

— 0. 072 

+0. 188 

-  0.15 

—  0.82 

+0. 10 

—0.31 

+  0.19 

+  0.88 

6-5 

+0. 097 

—0. 182 

+  0.38 

+  0.82 

— 0. 20 

+0.31 

—  0.41 

—  0.87 

6-4 

+0. 228 

+0. 007 

+  2.28 

+  0.20 

—  1. 01 

+0. 02 

—  2.22 

—  0. 17 

6—  6 

— 0. 215 

— 0.012 

—  2.32 

+  0. 12 

+  1.03 

+0.  II 

+  2.24 

—  0. 12 
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Y 

r 

COS. 

sin. 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

H    i*  i 

it 

// 

If 

// 

/; 

// 

// 

// 

-I     6-  s 

-[-0.  030 

4-0. 123 

— 0. 84 

+2. 43 

4~o.  40 

4-1.  16 

 2    T  »7 

^.17 

I     6-  7 

— 0.  05 1 

— 0. 132 

+0.63 

—2.41 

—v. 

 0.  56 

-4-2  \A. 

—I  6—6 

— 0. 087 

-f-o.  12 

+0. 16 

 0.  08 

4-0. 1 1 

 0.  06 

 0.  09 

I     6—  8 

 0.  000 

4-0'  075 

— 0. 05 

— 0.  40 

 22 

_|_o.  01 

-f-w. 

—I     7—  3 

— 0. 1 1 

— 0. 14 

+0.04 

— 0.04 

4-0.  12 

4-0.  IS 

I     7—  5 

-j-o.  10 

4-0.  II 

— 0.  07 

4-0. 02 

— 0. 19 

— 0. 12 

—I     7—  4 

-f  0.134 

+0. 086 

4-0.  64 

— 0.  26 

— 0.  25 

—0.  14 

— 0. 66 

4-0.29 

1     7—  6 

— 0. 125 

— 0. 102 

— 0.  60 

-1-0. 42 

4-0.  23 

4-0.  20 

4-0.  62 

—0.43 

-I     7-  5 

+0. 030 

—0. 131 

+0.  23 

+  1.55 

 0.  12 

4-0.  70 

— 0. 21 

-1.47 

I     7—  7 

— 0. 033 

-fO.  121 

— 0.  41 

-1.52 

4-0.  20 

— 0. 68 

4-0.40 

4-1.44 

—  I     7—  6 

+0. 097 

— 0.009 

-1.45 

— 0. 16 

4-0. 70 

— 0. 07 

4-1.28 

4-0.15 

I     7—  8 

— 0. 104 

+0.016 

+  1-39 

4-0, 02 

— 0. 66 

-f-o.  01 

— 1. 24 

— 0.02 

—I     7-  7 

— 0. 12 

4-0. 10 

+0. 07 

4-0. 07 

4-0. 08 

—0, 06 

I     7—  9 

+0.  25 

—0. 10 

—0. 13 

— 0. 07 

— 0. 20 

4-0.06 

From  the  expression  of  Ro  given  in  Chapter  II  we  derive  that  of 


Arg=i'^'4-i^ 

Arg=i'. 

Xdy) 

COS. 

sin. 

COS. 

sin. 

i'  i 

// 

// 

i' 

i 

// 

// 

0—  I 

4-0.  12 

-ho.  28 

4— 

I 

4-0. 02 

4-0. 02 

— 0.  2825 

-fo.  i248«^ 

4— 

2 

4-0.01 

4-0,05 

0—  2 

4-0.  02 

— 0. 02 

4— 

3 

—0.31 

4-0. 12 

—  0.  oi36«/ 

4-0.  oo6o«/ 

4— 

4 

—0.03 

—0.03 

0-  3 

—0.  ooofnt 

4-0.  ooo3«/ 

4— 

S 

— 0.  01 

4-0. 03 

1+  I 

4-0. 14 

—0, 04 

5- 

I 

— 0. 07 

— 0.  16 ' 

I  0 

4-0. 18 

4-0. 12 

5- 

2 

4-0.01 

0.00 

4-0.06 

— 0. 03 

5- 

3 

4-3.60 

+0.  34 

I —  2 

4-0.41 

— 0. 10 

5- 

4 

4-0. 18 

4-0.  II 

I—  3 

4-0.01 

0.00 

5- 

5 

— 0. 01 

4-0.01 

2  0 

— O.OI 

4-0.  30 

5- 

6 

4-0. 01 

0.00 

2 —  I 

— 0.09 

4-0.09 

2—  2 

+0. 13 

4-0.  22 

6— 

3 

4-0.01 

4-0.01 

2—  3 

4-0, 01 

— 0.14 

6— 

4 

—0.03 

-ho.  07 

6— 

5 

4-0. 03 

0.00 

3  0 

4-0.04 

—0. 05 

6— 

6 

0.00 

4-0. 01 

3—  I 

4-0.04 

4-0. 01 

3-  2 

4-0.44 

4-0. 69 

7- 

4 

— 0.04 

+0.04 

3-  3 

4-0. 07 

0. 00 

7- 

S 

4-0.03 

4-0. 01 

3-  4 

— 0. 06 

— 0.  or 

7- 

6 

0. 00 

— O.OI 
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In  order  to  obtain  a  higher  degree  of  precision  in  the  second  factors  of  the  terms 
of  SJJy  we  attribute  to  nS^,  and  v'  the  values  which  result  from  adding 

together  the  terms  of  the  first,  second,  and  third  orders  with  respect  to  disturbing 
forces.  It  is  thought  unnecessary  to  give  here  the  expressions  of  these  second  factors, 
as  they  are  so  easily  formed  from  data  previously  given. 

The  terms  having  the  argument  —y  in  6JJ  are  important,  as  they  determine  the 
amount  of  the  secular  motion  of  the  plane  of  the  orbit  due  to  the  square  and  product 
of  the  masses  of  Jupiter  and  Saturn.  The  following  detail  of  the  composition  of  these 
terms  is  therefore  given : 


dU  „ 

—  0.0002260  cos  ( — 

y)  —  0.0006051  sin  (— 

r) 

—  0.0006676 

—  0.0021977 

—  0.0002280 

—  0.0006215 

Y{y  ^o  —  y'  +  &)  = 

—  0.0004473 

—  0.0012610 

u 
cos  t 

—  0.0000396 

—  0.0000871 

COS  I 

—  0.0000051 

—  0.0000128 

cos  %' 

—  0.0001084 

—  0.0002514 

Sam  = 

—  0.0017220  COS  {  — 

.  y)    0.0050366  sin  (  — 

r) 

The  following  is  the  complete  expression  for  5U : 


Arg= 

^U 

COS. 

nt  COS. 

sin. 

nt  sId. 

H     V  % 
—100 

// 

— 0. 0017220 

tt 

— 0. 000070136 

— 0. 0050366 

// 

+0. 000033274 

I     0—  2 

+0. 001 

+0. 00007 

+0.002 

—0.00003 

—  I  0 —  I 

— 0. 0025 

+0. 0015 

I     0-  3 

+0. 002 

—0.001 

-I     1+  2 

+0.001 

— 0. 003 

I     I  0 

— 0. 0025 

— 0.000006 

+0. 0028 

+0. 000001 

-I     1+  I 

-fo.  0005 

+0. 000032 

+0. 0008 

— 0. 000045 

I     I—  I 

-fo.  0029 

— 0.000032 

+0.0015 

+0. 000045 

—I     I  0 

+O.OCX)I 

— 0. 000021 

— 0.0004 

0.000000 

—  I     I—  I 

— 0. 0020 

+0.  00001 1 

+0.0001 

+0. 000049 

— I     I —  2 

+0.  001 

+0. 001 

-I     2+  I 

— 0. 002 

— 0. 003 

I     2—  I 

+0. 0029 

— 0. 000005 

+0.0033 

— 0. 000005 

— 120 

— 0. 0019 

— 0.000049 

+0.0031 

—0.000050 

I     2—  2 

+0. 001 7 

+0.000047 

—0. 0020 

+0. 000050 

—  I     2—  I 

— 0.0008 

— 0.000004 

+0.0003 

+0. 00002*1 
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Arg= 

<5U 

COS. 

71/  COS. 

sin. 

nt  sin 

H     i'  i 
—130 

I     3-  2 
-I     3-  I 

// 

— 0.0055 
+0. 0039 
+0. 0024 

— 0.000001 
— 0.000040 

// 

+0.^24 
— 0. 0017 
+0. 0024 

+0.000005 
+0. 000025 

-I     4+  I 
I     4—  I 
—I     4—  I 

I     4—  3 
—I     4—  2 

— 0.001 
+0.0008 
+0.0004 
— 0.0003 
+0. 0002 

— 0.000004 
+0.00001 1 
+0. 000008 

+0. 002 
— 0.0012 
+0. 0022 
—0. 0016 
— 0. 0003 

0.000000 
+0. 000002 
+0. 000024 

-I     5  0 
I     5-  2 

-I     5-  2 
I     s-  4 

+0. 002 
+0. 000027 
+0. 001389 

+0.  002 

+0. 00000107 
+0.00000166 

+0.002 
—0. 000030 
+0. 000612 
0.000 

— 0. 00000037 
+0. 00000084 

— I  10 —  4 

+0. 00100 

— 0. 00185 

By  subjecting  the  preceding  expression  to  the  same  treatment  as  that  by  which, 
in  Chapter  II,        was  derived  from  we  obtain  the  following: 


A^g=^'^'+t^ 

■in. 

co«. 

V  i 

//  /' 

ft  it 

0  0 

+0.  oooi247«/ 
+0.  ooooo254««/« 

0 —  I 

— 0. 005072 1 «^ 

— o.ooi737i«^ 

+o.ooooi664«V« 

— o.oooo3507«2^« 

0—  2 

+0. 0018 — 0. 0001 2I4«/ 

+0. 001 1— 0.  oooo4i5«^ 

+0.  oooooo40«V« 

— 0. 00000085 «V« 

0—  3 

— 0.  oooo044«/ 

— 0.  oooooi5«^ 

+0.0000000 1  «V« 

— 0. 00O000O3«V« 

1+  2 

—0.0001 

— 0. 0002 

1+  I 

— 0. 0059—0. 00001 7«^ 

—0. 0056—0. 000005  «^ 

I  0 

—0. 0039+0.  oooo8i«/ 

+0. 0022+0.  oooio7«/ 

I —  I 

+0. 0003 — 0.  oooo5$«^ 

+0. 0005 — 0. 00001 1«/ 

I —  2 

+0. 0035 — 0.  ooooi8«^ 

+0. 0002+0. 000082^^ 

I—  3 

— 0. 0005 

+0.0006 

2+  I 

— 0.0004 

+0.0004 

2  0 

—0. 0158+0. 000030^/ 

+0. 0190 — 0.  oooo3o«^ 

2—  I 

— 0. 0032—0.  oooi03«^ 

— 0. 0070+0. 0000981?/ 

2 —  2 

+0. 0047+0. 000023«/ 

+0. 0016+0.  oooio5«/ 

2—  3 

+0.0001 

0.0000 
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sin. 

COS. 

i' 

i 

f/  // 

//  // 

3- 

— 0. 0104+0. 000015W/ 

— 0. 0032+0. 00001 

3- 

2 

+0. 0115— O.OOOI92«/ 

— 0.  0120 — 0.  OOOI20«/ 

3— 

3 

-f  0. 0003—0.  ooooosw/ 

— 0. 0003 — 0.  ooooo3«/ 

4 

o 

-f  0.0009 

+0.0012 

4— 

2 

-|-o.  0008 — 0, 00001 3«/ 

— 0. 0047 — 0.  ooooo3«/ 

4— 

3 

—0. 0003—0. 00C020W/ 

— 0. 0008+0.  oooo62«/ 

5- 

-|-o.  0009-f  0.  ooooSow/ 

+0. 0072+0. 000028«/ 

5- 

2 

— 0. 00001 5 

+0.  000002W/ 

5- 

3 

-fo.  I07I+0.000124W/ 

— 0. 0363 — 0. 000063W/ 

5- 

4 

-|-o.  0026 

— 0. 0009 

5— 

5 

+0.0001 

0.0000 

lO — 

5 

+0. 0372 

+0. 0689 

lO— 

6 

+0. 0009 

+0. 0017 

In  order  to  have  the  value  of  ^(j^^-i^  it  is  necessary  to  add  to  this  expression  the 


value  of  (^^^nSzy  which  follows: 


Argrri'^'+tfif 


o  o 


^  3 

1+  I 


2  O 
2—  I 

2—  2 

2-  3 

2—  4 

3  o 

3-  I 
3—  2 
3-  3 
3—  4 


— o.ooooooo4«V' 
+0.  oooooo46«V2 

+0.  00000002«2/2 

— o.  0007+0.  ooooo5«/ 
— o.  000034W/ 
+0. 000009^^ 
+0. 0000 1 4«/ 

— o.  0014—0. 000090^/ 
+0. 0005 — o.  oooioo«/ 
— o.  oooo83«/ 
— o.  oooi46«/ 
— o.  000007W/ 

— o.  0005 — o.  ooooo4w^ 
— o.  0016+0. 0000 1 4«/ 
— o.  001 1 — o.  000020W/ 
+0.  oooo54«/ 

— O.  000002W/ 


+0,  oooooo57«5'/2 
+0.  ooooooo4«2/3 
+0.  oooooi35«V 
+0.  ooooooo8wV' 

— o.  0007 — o.  ooooo7«/ 
— o. oooo49«/ 
— o.  000001  «^ 
— o.  oooo59«^ 

+0. 0020+0. 000041 «/ 
+0. 0006+0.  oooio6«/ 
— o.  oooo39«/ 

— O. 000002W/ 
O.  000000«/ 

+0. 0006+0.  OOOOIO«/ 
— o.  0006 — o.  000060W/ 

+0.  0001 — O.  000002W/ 

— o.  oooo3o«/ 

— O.  00001 2«/ 
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/dRo 

J  nSz 

sin. 

COS. 

{ 

//  // 

4 

o 

-fo.  ooo8 

^+OrOOIO 

4— 

I 

— 0,  OOOOOJW/ 

— 0.  00001 

4— 

2 

+0. 0007   0.  oooooont 

4— 

3 

— 0.  OOOOIOW/ 

A— — 

A 

— O.  000007«/ 

— 0.  ooooo8«/ 

s— 

o 

— O.  00003  2«/ 

— 0, 000030W/ 

5— 

I 

— 0. 0007 — 0.  ooo65S«/ 

+0.  0006 — 0.  000620ftt 

5— 

2 

-|-o,oooii7«/ 

— 0.  oooo69«/ 

5- 

3 

-{-0.  OOO9-I-O.  00001 2«^ 

0. 0000 — 0. 000904^^ 

s- 

4 

-fo.oooioiw/ 

— 0, 00001 5 

5- 

5 

-fo.  ooooo5«/ 

+0.  000002W/ 

6— 

4 

-I-0.0004 

+0.  0019 

7- 

2 

+0.0008 

— 0. 0003 

7— 

4 

+0.0018 

— 0.0001 

7— 

S 

+0.0015 

— 0. 0008 

8— 

s 

— 0.0004 

+0.0006 

9— 

s 

0.0000 

— 0.0010 

lO — 

s 

+0.0053 

+0. 0093 

10 — 

6 

— 0. 0014 

+0. 0002 

Thus  we  have  the  following  expression  for  S 


Vcos  t/ 

ATg=%'g'-\-ig 

sin. 

COS. 

i'  % 

//  // 

//  /t 

0  0 

+0.000 1 247«/ 

+0.  0000031 

0 —  I 

— 0. 005072 1 

— O.OOI737IW/ 

+0. 00001 66owV» 

— 0.  oooo3503«V« 

0 —  2 

+0.  0018 — 0.  OOOI2I4«/ 

+0,0011 — 0. 000041 5«/ 

+0.  oooooo86«V« 

+0. 00000050WV 

0-  3 

— 0,  ooooo44»^ 

— 0. 000001 5 «/ 

+0.  ooooooo3«V* 

+0.  ooooooo5«V 

1+  2 

— 0,0001 

— 0. 0002 

i-h  I 

— 0,  0066 — 0.  00001 2«/ 

— 0. 0063 — 0. 00001 2«/ 

I  0 

— 0. 0039+0.  oooo47«^ 

+0. 0022+0.  oooo58«/ 

I —  I 

+0. 0003 — 0. 000046^/ 

+0.  0005—0,  OOOOI2W/ 

I—  2 

+0. 0035 — 0.  ooooo4«^ 

+0.  0002+0.  OO0O23«/ 

I—  3 

— 0.0005 

+0.0006 
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\C08  l/ 

Ar£r=i'fl'-|-ifl 

sin. 

COS. 

^/ 

. 

\ 

2+ 

— 0. 0004 

4-0. 0004. 

2 

o 

— 0. 0172 — 0.  oooo6o«/ 

+0. 0210+0. 00001 IW^ 

2 — 

— 0. 0027 — 0. 000203W/ 

— 0.  0064+0.  000204«/ 

2 — 

2 

-|-o.  0047 — 0.  oooo6o«/ 

+0. 0016+0.  oooo66w/ 

2 — 

3 

+0. 0001— 0. 000146W/ 

0.  0000 — 0.  000002W/ 

2— 

4 

—0. 000007W/ 

0.  oooooow/ 

3 

o 

— 0. 0005 — 0.  ooooo4«/ 

+0.  0006+0.  OOOOIOK/ 

3- 

— 0. 0120+0, 000029«/ 

— 0. 0038—0. 000045K/ 

3- 

2 

+0. 01 04 — 0. 0002 1 2 

— 0.  OII9 — 0.  OOOI22K/ 

3— 

3 

+0. 0003+0. 000049^/ 

—0. 0003 — 0.  000033K/ 

3— 

4 

— 0.  OOOO02W/ 

— 0.0000 1 

4 

o 

+0.  0017 

+0, 0022 

4— 

— 0. 000003W/ 

 0.  00001 2W/ 

4 — 

+0. 0008 — 0. 000024W/ 

— 0. 0040 — 0. 000003W/ 

4— 

3 

— 0. 0003 — 0. 000013^/ 

— 0. 0008+0. 000052K/ 

4— 

4 

 0. 000007 

 0,  ooooo8k/ 

5 

— 0. 000032W/ 

— 0. 000030^/ 

5- 

I 

+0. 0002 — 0. 000575K/ 

+0. 0078 — 0.  ooo592«/ 

5- 

2 

+0.  000I02«/ 

— 0. 000067K/ 

5 — 

3 

+0.  1080+0.  OOOI36K/ 

— 0. 0363 — 0. 000967K/ 

5— 

4 

+0. 0026+0,  OOOIOIW/ 

—0. 0009 — 0. 000015^/ 

5- 

5 

+0. 0001 +0, 000005 

0.  0000+0,  000002/2/ 

6— 

4 

+0. 0004 

+0. 0019 

7— 

2 

+0. 0008 

— 0. 0003 

7- 

4 

+0. 0018 

—0.0001 

7- 

5 

+0. 0015 

— 0. 0008 

8— 

5 

— 0.0004 

+0. 0006 

9- 

5 

0.0000 

— 0.0010 

lO — 

5 

+0.0425 

+0. 0782 

lO — 

6 

— 0. 0005 

+0.0019 

The  only  terms  of  the  third  order  with  respect  to  disturbing  forces  in  the  latitude 
of  Jupiter  which  it  seems  worth  while  to  consider  are  the  secular  terms  factored  by 
the  cube  of  the  time.  As  these  terms  ai-e  scarcely  appreciable  after  the  lapse  of  500 
years  a  very  rude  computation  of  their  coefficients  suffices.  If  b,  i,  and  9  denote 
severally  the  latitude,  longitude,  inclination  of  orbit,  and  longitude  of  the  ascending 
node  of  Juj)iter,  all  referred  to  the  fixed  ecliptic  and  equinox  of  1850.0,  we  have 


sin  h  =  sin  i  sin  {I  —  0)  =  sin  i  cos  ^  sin  Z  —  sin  i  sin  6  cos  I 


and 


di&in  i  cos  0)  .       ^di      .    .  .  dd 

~ — ^         =  cos  t  cos  ^     ~  sin  t  &m&  ^ 

[sin t sin  6,  ,  .   ^di  ^    ^    ,  ,,dd 

i —  '  =  cos  %  sm  ^     +  sin  %  cos  6  ^ 
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The  following  values  of  i  and  9,  adopted  from  the  values  given  by  Leveerier,* 
are  sufficiently  accurate  for  our  purpose : 


6 

di 

dB 

Date. 

i 

dt 

di 

0  / 

// 

0 

/ 

// 

ti,  

11 

1850 

I  18 

42. 10 

98 

56 

19.  79 

—0. 073673 

+6.  29075 

2350 

I  18 

8. 30 

99 

SO 

4.  24 

0. 061480 

6. 60017 

2850 

I  17 

40.  70 

100 

46 

13.00 

0.048825 

6. 86522 

3350 

I  17 

19.  S3 

lOI 

44 

21.07 

0.035808 

7.08005 

3850 

I  17 

4. 94 

102 

44 

3-45 

— 0. 022518 

+7.  23977 

From  these  we  derive  the  values  of  the  two  functions,  which  follow,  for  the  same  dates  • 


Date. 

^(ein  t  cos  6) 
dT 

d(sm  t  sin  6) 
dT 

// 

// 

1850 

—13.08107 

—9.5134s 

2350 

13- 73032 

8.61823 

2850 

14. 32572 

7.  69386 

3350 

14.  86245 

6.  74492 

3850 

—15-33640 

-5-  77386 

The  unit  of  T  is  a  century  of  Julian  years.    From  these  special  values  we  obtain 

 i  =  —  13.08107  —  O.134876T  +  O.OOO967T* 

-^^ —  i  =  -  9-51345  +  0-I757I8T  +  0.0007I4T* 

and  by  integrating  these  equations 

//  // 

sin  t  cos  ^  =  const.  —  13.081  iT  —  0.067441^  +  0.000322X2 
sin  t  sin  ^  =  const.  —  9.5I34T  +  0.08786T2  +  0.000238T2 

As  these  values  correspond  to  a  mass  of  Saturn  =  we  augment  them  a  little, 
and  adopt  as  the  terms  of  the  sine  of  the  latitude  proportional  to  the  cube  of  the  time, 

sin  6  =  +  o".ooo324T3  sin  I  —  o''.ooo24oT^  cos  I 


^Annales  de  TObeervatoire  de  Paris,  M^moires,  Tome  XI,  pp.  7, 47. 
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CHAPTER  XXV. 


PERTURBATIONS  OF  THE  LATITUDE  OP  SATURN  OF  THE  SECOND  ORDER  WITH  RESPECT  TO  DIS- 
TURBING FORCES. 

The  formula  to  be  employed  here  are  precisely  similar  to  those  of  the  preceding 
chapter.    The  co-ordinate  «'  is  obtained  through  the  equations 

For  the  variation  of  U'  we  have 

^       cos     ^       COS  t'  ^        COS  I 

Here  we  have 

C  being  the  quantity  so  designated  at  page  78. 

r»//     ..,r.n^^'  .  eV8in/^d/2'     i  +  ze'cos/  +  e»  ,  ,<?/2'-I 
B"  =  -  CpT* 

By  neglecting  certain  terms  factored  by  sin'  J  we  can  put 
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Of  the  factors  involved  in  D"'  it  is  sufficient  to  put 
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G^T^  sin 

^/  eos3  y>/  =  2[8.44881  sin  g'  +  2[6.S^6i]  sin  2g' 

I  +  ae'  cos/'  +         ,         ,  ,        ,  .  , 

 ^,Qg4  ^/  =  faooi4]  +  2[8.75i4]  coSjf'J-  afy.so]  cos  2^' 


In  addition 


I  /a\3 

^(  -  )=  6.192  +  0.895  cos  ^  +  0.065  cos  2^  +  0.005  cos 


=  2[9'6976]  sin      -  if')  -  2[8.4478]  sin     +  2[8.4466]  sin  {y'  -  2^')  +  ^[l^^S]  sin  35'') 

In  all  these  computations  it  is  unnecessary  to  attend  to  the  factor  cos  i',  as  it  is 
intended  to  take  the  plane  of  the  orbit  at  the  epoch  1850  as  the  plane  of  reference, 
which  makes  V  =  o. 

The  following  is  the  expression  for  the  only  quantity  independent  of  y*  it 
is  worth  while  to  give : 


D" 
C 

D" 

D" 
C 

COS. 

sin. 

COS. 

sin. 

COS. 

sin. 

i'  i 

// 

// 

i'  i 

// 

u 

i'  i 

// 

// 

0  0 

—176.8 

4—  2 

+  0.9 

+  16.0 

3—  S 

0,0 

0.0 

I  0 

-  SS-S 

-  44.8 

5-  2 

—  1.3 

+  2.4 

4—  5 

-  3.7 

—  3.0 

2  0 

—  3-9 

—  10.  2 

5-  5 

-48.7 

+27.2 

3  0 

+  0.1 

—  1.4 

0—  3 

—  0. 1 

—  0. 1 

6—  5 

-31.3 

+  0.4 

I-  3 

+  0.8 

—  6.2 

— 2 —  I 

+  0.8 

+  0-3 

2—  3 

+  5.6 

—  9.9 

7—  5 

—  9.0 

-  5.0 

—  I —  I 

+  5.2 

+  4.6 

3-  3 

+91. 1 

—  127.3 

8-  5 

-^1.5 

—  2,  2 

0—  I 

+  20.9 

+  46.0 

4-  3 

+56. 1 

—  24.7 

4-  6 

—  0. 1 

—  0.2 

I —  I 

+  63.6 

—298.4 

5-  3 

+14.9 

+  1.8 

5-6 

-  3.6 

+  1.6 

2—  I 

—  52.  6 

+  22.3 

6-3 

+  2.4 

+  1.7 

6—  6 

+  8.7 

+30.9 

3-  I 

-  13.7 

+  0.3 

7-  6 

-  4.5 

+20.7 

4—  I 

—   2. 2 

—  0.7 

2—  4 

—  0.3 

—  0. 1 

8—  6 

—  S.I 

+  5.9 

—I—  2 

+  O.I 

—  0.3 

3—  4 

—  0.7 

-  5.7 

0 —  2 

+  2.5 

—  1.7 

4—  4 

—63.4 

—  70.6 

5-  7 

—  0. 1 

+  O.I 

I—  2 

+  38.1 

—  64.2 

S-  4  , 

-  9.7 

—  44.0 

6-  7 

+  0.1 

+  3.0 

2—  2 

-f-227.  2 

+  94.9 

6 —  4 

+  3.8 

—  12.3 

7-  7 

+18.3 

—  0.9 

3-  2 

+  43.3 

+  62.7 

7-  4 

+  2.  2 

—  1.9 

8-  7 

+  12.5 

+  5.4 
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We  have  now  to  multiply  certain  expressions  already  obtained  by  the  factor  C 
(value  given  at  page  78),  and  thus  obtain  the  expressions  for  the  following  quantities: 


Y 

D" 

E 

" 

B 

Arg= 

COS. 

sin. 

COS. 

COS. 

sin. 

sin. 

COS. 

i 

II 

n 

// 

// 

It 

// 

— I  I 

0 

  2.07 

+  175.0 

+ 

2.5 

+  0.  2 

+ 

0.  I 

+426.  7 

—     2.  I 

— I  2 

0 

4-  8.68 

+  5-75 

4- 
1 

0  ^ 

22.0 

—  I.O 

+ 

4.8 

16.  2 

+  18.5 

I  0 

0 

—  8.80 

—  6.  22 

12.8 

+ 

22.5 

+ 1.0 

4.8 

64. 2 

—  18.9 

—  I  3 

0 

-1-  1. 12 

+  2. 

2.  7 

5.6 

—  0-5 

+ 

0.8 

2.  7 

+  4.6 

I  I 

0 

—  0.  ^2 

—  1.88 

+ 

0.4 

+ 

3.2 

+  0.3 

0.  2 

— 

0.5 

—  2.5 

—I  4 

0 

—  0.  04 

+  0.  ?5 

+ 

0.  I 

0.8 

—  0. 1 

0.  0 

0.0 

+  0.7 

I  2 

0 

+  0.  16 

—  0.  28 

+ 

0.2 

+ 

0-3 

+  0.1 

0. 0 

— 

03 

-  03 

—I-  I— 

+  0.  18 

—  0.06 

0.  2 

0.0 

-L 

1 

0.  2 

+        0.  I 

^ —  3— 

—  0.38 

—  0.07 

+ 

1 

0. 5 

0-3 

0. 1 

o»  0 

—I  O— ~ 

+  1-34 

+  0-27 

I.  7 

+ 

0.4 

—  0.  3 

+ 

1.7 

2.8 

0. 0 

I —  2 — 

I 

—  1.87 

—  I.  '?7 

+ 
1 

2.  Q 

2.9 

—  0.3 

+ 

1. 1 
J'  J 

+  1.9 

—  I  I— 

I 

+  11.  ?1 

7.8 

4- 

35.6 

+  8.9 

42.5 

+ 

57.9 

—  2.9 

I—  I— 

—  II. 

+ 

II.  I 

18.6 

—  2.7 

+  13-0 

53.8 

+  22.0 

— I  2— 

+  2.  00 

34.3 

—149-  3 

-55.2 

+260.  9 

31.6 

—168.7 

I  0— 

+  1.88 

  0.06 

+ 

30,2 

+  150.6 

+55.0 

—264.  7 

+ 

40.  6 

+169.9 

-I  3- 

4-  ^0 

—  4^ 

+ 

24.8 

+ 

6.9 

+  3-5 

+ 

19.  6 

26.  7 

—  32-7 

I     I — 

—  76 

29.  2 

23.6 

—  9.9 

+ 

9-9 

+ 

23-4 

+  13.6 

—I  4— 

+  2. 67 

+ 

7.4 

+ 

0.5 

+  1.6 

+ 

1. 1 

6.6 

—  2.5 

I     2 — 

—  2.08 

H-  0.08 

4.6 

+ 

0.7 

-  0.8 

0.5 

+ 

3.8 

—  0.6 

-I  5- 

+  0. 60 

+  0. 17 

+ 

1-3 

0.4 

+  0.  2 

+ 

0.  2 

1. 1 

+   0. 2 

1  3— 

—  0.  ^2 

—  0. 24 

0.5 

+ 

0.4 

+  0.0 

0.  2 

+ 

0.4 

—  0.3 

—  0.  16 

—  0.  II 

I —  2 — 

2 

+  0.04 

+  0. 20 
♦ 

2 

+  0.17 

—  0.64 

+ 

03 

+ 

1.8 

-f-  0.  0 

4.3 

+ 

3.6 

-f-      0,  0 

1—  I— 

2 

—  I.  17 
*•  J/ 

+  0.88 

+ 

1.8 

+ 

1.8 

—  0.  2 

+ 

0.9 

4.5 

—  0.5 

—I     2 — 

2 

4-10. 40 

—  2. 10 

9.5 

36.0 

—  2.9 

+ 

31-5 

0.6 

+  3.1 

I  0— 

2 

— 10.  40 

+  2.  10 

+ 

22.  I 

+ 

30.6 

+  8.1 

29-5 

10.5 

+  2.0 

—I  3- 

2 

-1-  2.  4.2 

4-  2. 07 



[12.  I 

+ 

43.9 

— 46.  2 

16.7 

+  102,  4 

—  43- 0 

I     I — 

2 

—  0.  00 

—  1.81 

+112. 4 

51.0 

+46.2 

+ 

21.3 

— 

[03.8 

+  46.0 

—I  4— 

2 

—  2.84 

—  4.  14 

24.8 

+ 

31-9 

-  7.6 

II. 4 

+  23.0 

~  28.3 

I     2  — 

2 

+  3- 06 

+  4-59 

+ 

12.  I 

27.5 

+  2.4 

+ 

9-4 

11.5 

+  24.0 

-I  5- 

2 

—  0. 19 

~  2.30 

I.  I 

+ 

8.8 

+  0.  2 

2.5 

+ 

1.3 

—  7.5 

I  3— 

2 

—  0. 17 

+  1.86 

1.4 

5-4 

—  0.8 

+ 

1-3 

+ 

1.0 

+  4.5 

—I  6— 

2 

+  0.28 

—  0.57 

+ 

0.6 

+ 

1.4 

+  0.2 

03 

0-5 

—  1.2 

I  4— 

2 

—  0.29 

+  0.32 

0.6 

0.5 

—  0. 2 

+ 

0. 1 

+ 

0.6 

+  0.4 

— I     I  — 

3 

—  0.06 

—  0.03 

0.0 

0.3 

I —  I— 

3 

+  0,07 

+  0.  II 

0.0 

+ 

0. 1 

—I     2 — 

3 

—  0. 13 

—  0.02 

0.  2 

2.7 

—  0.4 

+ 

2.6 

0.3 

+   0. 2 

I  0 — 

3 

+  0. 12 

+  0,92 

+ 

0.5 

+ 

3.2 

+  0.6 

2.4 

0. 0 

~  0.5 

—I  3— 

3 

~  0.18 

—  7.9^ 

+ 

1,0 

+ 

0.3 

+  0.  2 

3-S 

0.6 

—  2.9 

I     I — 

3 

—  0.04 

+  8.09 

+ 

4.1 

+ 

6.4 

+  2.0 

+ 

0.5 

4.0 

-  3-5 
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Y 

D 

// 

E 

H 

Arg= 

sin. 

Sin. 

sin. 

COS. 

COS. 

2.1  i 

H      t  t 

/y 

11 

—I     4-  3 

+2.  I8 

—2.  23 

-43.3 

—62.6 

— i9,a  , 

+27.4 

+38-9 

+55-7 

I     2-  3 

-1.83 

+1.19 

+46.1 

+63- 4 

+20. 1 

—28.0 

—41-3 

-56.7 

—2.84 

+1.  22 

— 28.  7 

— \±.  2 

— II .  I 

4-  <  0 

I     3 —  3 

+3.25 

-1.38 

+24.4 

-f-  7.0 

+  9'  I 

—  1.8 

— 21.  I 

—  6.6 

—I  6—3 

—1. 81 

— 0.  24 

—  8. 1 

—  2.  7 

—  0.  < 

4-  7.0 

—  0.  2 

I     4~  3 

+  1.51 

+0.41 

+  5- 1 

—  1.9 

+  i-S 

4-  0.  q 

—  4. 4 

4-  1.6 

—I     7—  3 

-0. 49 

— 0.  33 

—  1.4 

+  o*9 

—  0. 3 

—  0.  ^ 

4-1.2 

—  0.  7 

I     S~  3 

+0. 29 

+0. 28 

4-  0.6 

—  0.8 

4-  0. 1 

—  0. «; 

4-  0.  7 

—1     3—  4 

+0. 12 

— 0.  II 

I      I—  4 

+0.51 

+0.  24 

—5. 48 

—0. 99 

—  2.3 

+  0.2 

—  3. 1 

—  0.3 

+  3-4 

—  0. 1 

I      2—  4 

+5.61 

+1. 17 

—  1-3 

•f  3.8 

+  i-S 

—  1.5 

—  0.3 

—  3.4 

-I     5-  4 

-1.67 

— 2.  II 

+31-2 

—33-4 

+14.1 

+  15.2 

—27-3 

+29.5 

I     3-  4 

4-1. 00 

+  1.77 

—31-7 

+35-6 

-14. 5 

— 16. 2 

+27.9 

-31.3 

—I     6—  4 

+o-  35 

+1.73 

I  J*  V 

— 22.  ^ 

4-  2.  2 

-1-  q.  2 

4-iq  6 

I     4—  4 

—0.47 

— 2,07 

—  2.0 

-l-iq.  2 

—  0.4 

—  7.6 

4-  2.  2 

—16.6 

_i     7_  4 

— 0. 44 

+  1.25 

—  1.7 

—  6.6 

—  0.8 

+  2.4 

1       ***  *T 

4-  I. 

4-  «;.7 

I     5—  4 

+0.52 

—1.08 

4-  2.  7 

+  4.2 

-I-  I.O 

—  I.  /L 

—  I .  q 

J'  / 

-I     8-  4 

— 0. 38 

+0.3S 

—  1.2 

—  1.2 

—  0.5 

4-  0. 

4-  0.  q 

4-  1.0 

I  6 —  4 

+0. 33 

—0.22 

+  o-  9 

+  0.5 

•4-0,% 

—  0. 1 

~  0.8 

—I     4—  5 

—0. 19 

— 0. 25 

I      2-  5 

+0. 36 

-0.1s 

—I     5—  5 

—1.43 

+3' 41 

—  0. 1 

—  2.6 

—  0.5 

+  2.5 

4-0.4 

4-  1.1 

I     3—  S 

+  ^•59 

—3-  52 

—  2.6 

+  I.I 

—  0.7 

—  1.7 

4-2.0 

—  1.8 

-I     6-  5 

-1.89 

+23.1 

+  13.6 

+10.6 

—  6.2 

—20.0 

—II. 6 

1     4-  5 

+  1.60 

— 0. 65 

—24-5 

—13-7 

— n.4 

+  6.4 

-f21.4 

4-11.9 

— I      7 —  K 

+0.89 

+0.04 

_j_  0. 8 

+  6,8 

  0.  7 

— 13-  9 

—  0.9 

I      < —  < 

-1.17 

-1-0. 02 

— i^.  7 

4-  I  0 

—  c  8 

4-  T  I  f\ 

—  0.  7 

-I     8-  5 

+0. 79 

+0. 46 

+  4-8 

—  2. 4 

+  I.Q 

4-  1.0 

4-  I.q 

-p   1.  y 

1     6—  5 

— 0. 68 

— 0. 50 

—  '1.2 

4-  2.  t; 

—  I.I 

  1, 0 

4-2.8 

  2  0 

—I     9—  5 

+0. 16 

+0. 34 

+  0.  q 

—  1,2 

4-  0. 2 

4-  0.  q 

—  0.  7 

4-  1.0 

-p   1.  V 

I     7—  S 

— 0. 08 

— 0. 29 

—  0.  4 

4-  0.  Q 

0.  0 

4-  0  "2 

  0  n 

—  u,  / 

-I     5-  6 

—0.31 

+0-13 

I     3-  6 

+0. 08 

— 0. 30 

—I     6—  6 

+1.9S 

+1*36 

-f-  2.  2 

—  0.5 

+  1-7 

4-  0.6 

—  2. 

4-  0. 7 

I     4-  6 

—2.01 

-1.50 

—  1.7 

—  1.2 

—  I.  S 

4-  0.  2 

4-  I.q 

4-  0. 8 

-I     7-  6 

+0.56 

+  1.58 

—  4.4 

+14. 5 

—  2. 1 

-  6.9 

+  3-9 

-12,5 

— 0. 34 

-1.36 

-j-  4. 4 

—IS-  0 

+  2.  I 

4-7-4 

—  3-9 

+  13-4 

—I     &-  6 

+0. 10 

-<5.  38 

+  .1.9 

+IO.S 

+  0.8 

-  4.5 

~  1. 5 

—  9.1 

I     6—  6 

— 0. 10 

+0.60 

-  2.7 

~  9-1 

  I.  2 

+  3-9 

4-2.2 

+  7.9 

— I     9 —  6 

+o-  39 

—0.44 

-f-  2.6 

+  3-2 

+ 

—  1-3 

—  2.2 

—  2.8 

I     7-  6 

— 0. 42 

-fo.  40 

-  2.3 

—  2.0 

—  0.9 

—  0.8 

+  1.9 

+  1.9 

—I  10 —  6 

+0'3i 

— 0.  08 

I     &-  6 

— 0. 26 

+0.03 
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Y 

E 

// 

H" 

Arg=: 

COS. 

sin. 

- 

sin. 

COS. 

X     i'  i 
-I     6-  7 

// 

-f  o.o6 

// 

+0.  24 

II 

// 

I     4—  7 

— 0. 19 

-0.13 

—I     7—  7 

+1, 10 

—0.  98 

+0.8 

+1-5 

+0.6 

—I.  I 

-0.7 

-i-S 

I     5—  7 

—  I.  22 

-f  I.OO 

+0-3 

— i-S 

—0.  2 

+  1.1 

— 0. 1 

+I.S 

-I     8-  7 

+  I.I7 

— 0. 20 

—8.6 

—0.6 

—4. 1 

+0.3 

+7.3 

+0.S 

I      b—  7 

—1.03 

+0. 10 

+9-3 

-1-0.  4 

i^4-  3 

— 0.  3 

-7.9 

— o-3 

-I     9-  7 

—  0.  08 

—0.08 

-6.5 

+2.7 

—2.8 

— I.  I 

+5.6 

—2-3 

I     7-  7 

+0.  24 

+0.  II 

+5-4 

—2.7 

+2.4 

+  1.3 

-4.8 

+  2-3 

— I    10—  7 

— 0.  23 

— 0. 33 

-0.7 

—  I.O 

I     8-  7 

+0.  22 

+0. 35 

+0.5 

+0.8 

-I    II-  7 

—0.06 

— 0.  26 

I     9-  7 

+0. 03 

+0. 22 

From  the  expression  of  Rq'j  given  in  Chapter  II,  we  derive  that  of 


(f) 


o 


— o.  13 

+1.54 

-|-i.i383«'^ 
-1-0. 18 
+0.  o638«'/' 

— O.OI 

+0.  oo4o«V 


+1.10 

—  i.6oo4«V 

+0-43 

— o.  o898«V 

-|-o.  06 

— 0. 005  6«V 


—2 —  I 

— 0. 03 

0.00 

— I —  I 

— 0. 16 

— 0.09 

0—  I 

+  1.91 

+4.04 

I —  I 

-1-0.96 

— 0. 65 

2—  I 

+0. 99 

— 1.02 

3—  I 

— 0. 37 

-fo.oi 

4—  I 

+0.08 

+O.OS 

— I—  2 

0.00 

+0. 01 

0 —  2 

+0.05 

+0. 30 

I —  2 

—  1. 00 

-|-0.  22 

2—  2 

—0.  25 

— 0.  22 

3-  2 

+0.46 

+0. 29 

4—  2 

—1.03 

—8, 62 

5-  2 

— O.OI 

— 0.  02 

6—  2 

+0.25 

— 0.  08 

I—  3 

0.00 

-1-0.04 

f  < 

2—  3 

3-  3 

4—  3 

5-  3 

6-  3 

7—  3 

3-  4 

4-  4 

5-  4 

6-  4 

7-  4 

8-  4 

9-  4 

4-  S 

5-  5 

6-  5 

7-  5 

8-  5 

5-  6 

6—  6 

6-  7 

7-  7 


-|-o.oi 

— O.  II 

+0.  23 
-|-o.  20 

+0.13 

— O.OI 

-|-0.  21 
+0.  07 

— o.  02 
+0. 02 

-1-0.03 

-J-O.OI 

— o,  04 

+0.04 
+0.05 

— o.  02 
— o.  03 

— O.OI 

— 0.04 

— O.OI 
— O.  02 

— o.  02 


+0.  46 

+0. 14 

— o.  09 
-f  o.  02 
+0. 08 

— O.OI 

+0.04 

-|-o.  08 
— o.  08 
— o.  06 
— o.  03 
o.  00 
— o.  01 

— o.  09 
— o.  03 
o.  00 
— o.  02 

— O.  01 

— o.  03 
— o.  03 

-f-0.  02 

0.00 


SECOND  ORDER  PERTURBATIONS  OF  THE  LATITUDE  OF  SATURN. 


The  terms  having  the  argument  y'  in  SV  are  important,  as  tliey  determine  the 
amount  of  the  secular  motion  of  the  plane  of  the  orbit  due  to  the  square  and  product 
of  the  masses  of  Jupiter  and  Saturn.  The  following  detail  of  the  composition  of  these 
terms  is  therefore  given : 


■'6z' 


dXJ' 


XJ'^V'  —  2V  +  2C  +  <^^^  =  +  0.002876 

Y\v*  — c'— v  +  c)  =  —  0.013664 


cos  i* 

cos 
u 


cos  % 


0.012147  COS  ;/'~^^.oo7098  sin  y* 
0,004190  —  0.002847 

+  0.002141 
'  —  0.008705 
+  0.000589 

—  0.002182 

—  0.000065 


+  0.000950 

:  —  0.003083 
—  0.000095 


Sum 


=  —  0.029353  COS  y*  —  0,018167  ®^  y 


The  following  is  the  complete  expression  for  <5U' : 


5U' 

COS. 

n't  COS. 

sin. 

n't  sin. 

H     i'  i 

// 

// 

// 

// 

—  I     I  0 

— 0. 0075 

-f  0. 000036 

-f  0. 0058 

+0.000459 

I     0  0 

—0. 0029353 

-fo.  00071 12 

— 0.018167 

—0, 0009439 

-130 

-fo.  013 

-fo.  00003 

+0. 005 

+0. 00002 

I     I  0 

— 0.0090 

— 0.  000015 

— 0.0178 

+0. 000040 

—  I     I—  I 

-fo.  0089 

—0.  002608 

-f  0. 0282 

+0. 001085 

— 0. 006 

-f  0.  00255 

— 0.017 

— 0. 00047 

—  I     2—  I 

-fo.  001 1 

+0.  000424 

-f  0. 0090 

+0.000150 

I  0 —  I 

— 0.  on 

— O.OOII7 

-fo.  008 

— 0.00010 

—I     3—  I 

-fo.oiSi 

-f  0.  000560 

— 0. 0189 

+0. 000642 

I     I —  I 

— 0. 0259 

—0.  000502 

-f  0. 0288 

— 0. 000616 

—I     4—  I 

-f  0.0158 

-f  0.  000061 

— 0. 0046 

+0. 000025 

I     2 —  I 

— 0. 0259 

— 0.000015 

-fo.  0097 

— 0. 000020 

—  I     2—  2 

-f  0.012 

— 0.  00030 

—0.003 

—0. 00107 

I  0 —  2 

— 0. 013 

-f  0.  00022 

-fo.  003 

+0.00114 

—I     4—  2 

— 0. 0078 

.+0.  000545 

— 0.0104 

— 0. 000307 

I     2—  2 

-fo.  020 

— 0.00044 

-f  0. 023 

+0. 00025 

-I     5-  2 

-f  0.00182 

-f  0.0000159 

— 0. 00899 

— 0. 0000243 

I     3-  2 

+0.005 

0.00000 

-f  0. 027 

— 0. 00002 

—I  6—2 

— 0. 0025 

— 0.000044 

-f  0. 0001 

— 0. 000034 

I     4—  2 

-fo.  0016 

-f  0.  000024 

— 0.0100 

+0.000018 

—I     7—  2 

-f  0. 024 

— O.OOOOI 

—0.015 

— 0.00001 

I     5-  2 

— 0. 00003 

— 0.0000043 

-f  0.00009 

+0. 0000035 

—I  10 —  4 

— O.OI2I9 

— 0.0000012 

—0.00344 

+0. 0000036 
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By  subjecting  the  preceding  expression  to  the  same  treatment  as  that  by  which, 

in  Chapter  II,         was  derived  from  A        we  obtain : 
^         '  cos  i'  Kv  at 


sin. 

COS. 

i'  i 

//  // 

//  // 

O  0 

— 0.  0035+0.  0020I2wV 

—0.  oooo2994«'«/2 

I  o 

-fo.  0525—0.  oi8i7o»V 

— 0. 0292 — 0. 029324^'/ 

— 0.00047 1 95w'2^« 

+0.  ooo3556o«'«/2 

2  O 

— 0. 0033 — 0.  ooo5i4*rV 

+0. 0153 — 0. 000869WV 

• — 0.  OOOOI322w'«^* 

+0.  ooooo996w'V 

3  0 

— 0, 0005- — 0. 000021  «V 

+0. 0006 — 0.  oooo36«'/' 

• — 0. 00000056^'^* 

+0.  00000042»'V^ 

4  0 

— 0. 000001  «V 

— 0. 000002wV 

— 0,  ooooooo3«'V* 

+0.  0O0O00O2w'V* 

—I—  I 

—0. 0003+0, 0001 1  iwV 

+0. 0009+0. 00003 1  h'^ 

O —  I 

— 0. 0042-I-0. 00096 1 

+0. 0135+0.  ooo6o8#*V 

1—  I 

-fo.  0027 — 0. 0005  72»V 

+0. 0217+0. 000204W'/ 

2 —  I 

-|-o,  0506-I-0.  ooi505«'/ 

+0. 0547 — 0. 001682W'/ 

3-  I 

-j-o.  0614 — 0. 00001  iwV 

-1-0. 020^4-o,  oooo^6wV 

4—  I 

+0,  0006 — 0.  O00002wV 

+0. 0003+0.  oooooowV 

O—  2 

— 0. 0003+0. 000007  wV 

— 0. 0001 — 0. 000029WV 

I —  2 

—0. 0014+0.  oooo57«V 

— 0. 0004—0.  oooi3i»V 

2 —  2 

+0, 001 1 — 0. 000038W'/ 

— 0. 0006+0.  oooozon't 

3—  2 

+0. 0022 — 0. 000403WV 

+0. 0045 — 0. 000214WV 

4—  2 

+0. 0293+0. 000530W'/ 

+0.  2995+0. 000746^7 

5-  2 

— 0, 0068 — 0. 000097W'/ 

— 0. 033 1  +0.  oooooowV 

6—  2 

+0. 0141 — 0.  oooi30«V 

+0. 0005 — 0.  oooi03«V 

7-  2 

— 0. 0010—0. 000004WV 

— 0. 0006—0. 000003WV 

7—  4 

— 0. 0002 

+0. 0001 

—0, 0051—0.  oooooiwV 

+0.  0014—0.  O00002WV 

9—  4 

— 0. 1820 — o.ooooi8«V 

+0. 05 1 3—0. 000054W  V 

10 —  4 

+0.0153 

— 0. 0043 
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In  order  to  have  ^f^^^A  there  must  be  added  to  this  the  following  expression: 


(^) 

n'6z' 

sin. 

—  COS. 

i 

0 

0 

+0. 0009 — 0. 00005  8«V 

— 0.  ooooo364«'2/« 

I 

0 

—0. 0525-I-0.  oooooowV 

+0. 0292+0.  ooooo6«V 

-|-o.  ooooo249«'V« 

—0.  OOO0OO25«'V« 

2 

0 

— 0. 0017—0.  oooo54«V 

— 0.  0073—0.  O00022«V 

-|-0.  O0002282«'«/2 

— 0.  oooo5455«'8/« 

3 

0 

— 0.  0005 — 0.  000026«'/ 

+0. 0038+0. 000003^7 

-fo.oooooi59«'«/2 

— 0.  ooooo383«'2/« 

4 

0 

-f  0, 0042 

+0. 0059 

+0,  ooooooo8«'«/« 

— 0.0000001 9«'3/3 

e 

Q 

-I-0.00I9 

— 0.%5II 

-3— 

—0. 0030 

— 0. 0014 

— 2— 

— 0. 0020 

+0.0004 

— I — 

+0.  0002—0.  000029«V 

— 0. 001 5 — 0.  oooo79«V 

0 — 

-f  0. 0004 — 0.  oooo59«'/ 

— 0. 0014+0.  oooioiwV 

I— 

—0. 0024 — 0.  001340WV 

— 0. 0018+0.  ooi657«V 

2— 

— 0. 0013-I-0.  oooo38«V 

+0. 0094+0.  oooo90«V 

3- 

— 0. 01 19— 0. 001 1 14«V 

— 0. 0043 — 0*  ooi7o8«V 

4— 

-f  0.  0001 — 0.  0002I5«V 

— 0. 0067 — 0.  oooo77«V 

5- 

-f  0. 02 1 1  — 0. 0000 1 3»'/ 

—0. 0237—0.  ooooo6«V 

0  

— 0. 0002 

+0.0012 

— 2— 

2 

-l-o.  000^ 

— 0. 0015 

—  I  — 

2 

— 0. 0003—0.  ooooo7«'/ 

— 0. 0007 — 0.  ooooo6«V 

0— 

2 

-f  0. 0004 — 0.  oooo37«V 

+0. 0003+0. 000027«'/ 

I  — 

2 

— 0.  oooo47«'/ 

+0.  oooi55«V 

2— 

2 

—0. 0014 — 0.  oooi45«7 

+0. 0039—0.  ooooiowV 

3- 

2 

+0. 0034—0.  oo3o65«7 

— 0. 0054 — 0. 002289^'/ 

4— 

2 

4-0. 0019—0.  oi3739w7 

—0. 0140 — 0. 003025^'/ 

5- 

2 

—0.  0008+0.  003I20«V 

—0. 0010—0. 001650W'/ 

6— 

2 

—0. 0122+0.  oo7447«V 

— 0. 0074—0.  oii948«V 

7— 

2 

—0. 0033+0. 00041 7«V 

0. 0000—0.  ooo678«V 

8- 

2 

+0. 000026«V 

—0. 000042^7 

3 

— 0.0007 

— 0.0001 

I — 

3 

— 0.0000 1 2«V 

— 0.  ooooo7«7 

2— 

3 

—0.  oooo37«'/ 

+0.  oooooiwV 

3- 

3 

+0. 0010  -0. 000025«V 

+0. 0002+0.  ooooi3«7 

4— 

3 

— 0. 0052+0.  ooooo3«'/ 

— 0. 0032—0.  ooooi6«V 

5— 

3 

— 0. 0304 -—0. 00001  i«V 

— 0. 0028—0. 00001 2«V 

6- 

3 

+0. 0047+0.  OOOOIO»V 

— 0. 0183 — 0.  oooo30«'/ 

7— 

3 

+0. 0033 — 0.  ooooi4«V 

— 0. 0092—0.  ooooo8«'/ 

8— 

3 

+0. 0009+0.  ooooo4«V 

+0. 0024+0. 000027«V 

9— 

3 

— 0.0005 

— 0.0004 

5o6 
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\dr'l 

n'dz' 

- 

Bin. 

COS. 

i'  i 
5—  4 

//  // 
— 0. 0027 -|-o.  Qoooogn'/ 

//  // 
+0, 0021+0.  oooooiwV 

~\-0.  CX3I2 

+0. 0065 

-f-o.  0017-j-o.  Qoooo^n'i 
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As  in  the  case  of  Jupiter  the  only  terms  in  the  latitude  of  Saturn  of  three  dimen- 
sions, which  seem  large  enough  to  be  taken  account  of,  are  the  secular  terms  propor- 
tional to  the  cube  of  the  time.    According  to  Leverrier*  we  have 

o     /    //  // 

sin  sin  ^  =  .  .  .  +  0.015774  sin  (126  s  44  —  25.89^) 
sin  t'  cos  0'  =   •   .   .    +  0.015774  cos  (126  5  44  —  25.89^) 

But  here  &  is  counted  from  the  equinox  of  1800.0.  Adding  therefore  41'  53* the 
amount  of  precession  for  50  years,  the  formulse  become 

o      /  // 

sin  sin  ^  =  .  •  •  +  0.015774  sin  (126  47  37  —  25.89^) 
sin    cos  ^  =   .   .   .   +  0.015774  cos  (126  47  37  —  25.89*) 

Whence  we  deduce  that  the  sine  of  the  latitude  of  Saturn,  referred  to  the  fixed 
ecliptic  of  1850.0,  contains  the  terms 

sin     =  —  o''.ooo858T3  sin  V  +  o'^ooo64i'P  cos  V 


•Annales  de  TObservatoire  de  Paris,  M^moires,  Tome  II,  p.  157. 


CHAPTER  XXVL 


FORMULA  FOE  THE  MOTION  OF  THE  PLANE  OF  THE  ECLIPTIC  AND  FOR  PRECESSION. 

The  subject  announced  in  the  title  of  this  chapter  properly  belongs  to  the  solar 
theory  and  the  general  stellar  theory.  But  in  order  that  the  preceding  theory  may  be 
compared,  in  a  satisfactory  manner,  with  observation,  it  is  necessary  to  be  able  to  reduce 
the  theoretical  positions  of  our  planets  to  the  moving  planes  of  reference  unavoidably 
employed  by  observers.  The  formulae  given  by  Leverrier  or  Hansen  might  be  used 
for  this  purpose;  but  there  is  one  imperfection  attached  to  them:  they  are  limited  to 
the  first  and  second  powers  of  the  time.  On  account  of  the  lengthened  series  of  obser- 
vations we  now  possess  it  seems  desirable  to  add  to  the  formulae  the  terms  multiplied 
by  the  third  power  of  the  time.  I  have  therefore  made  a  partially  independent  inves- 
tigation of  this  subject.  The  reader  is,  however,  advised  that  this  is  only  to  serve  a 
temporary  purpose,  and  will  be  superceded  when  the  solar  theory,  in  other  hands,  shall 
have  been  finished. 

Availing  om'selves  of  the  tables  of  the  coefficients  of  the  secular  portion  of  the 
perturbative  function  given  by  Leverrier*,  the  rate  of  motion  of  the  ecliptic  has  been 
computed  for  the  three  epochs  1600, 1850,  and  2100.  Thence  have  been  inferred  the  two 
equations  giving  the  position  of  the  ecliptic  of  any  date  with  reference  to  that  of  1850. 
The  following  details  are  all  it  is  thought  necessary  to  give  of  this  work. 

The  elements  of  the  plauets  involved  in  the  computation  are,  for  each  of  the  three 
epochs,  the  following: 


Date. 
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7t~n* 
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f  1600 
1  1850 
1 2100 
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28  34   4.  99 

29  29  24.41 
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52  29  13.15 

53  48  3i'io 
55   8  1.40 

47  4  44. 97 

46  33    8.  63 
46    I  28.61 

Venus  .  . 

r  1600 
I2100 

0. 0069689 
0. 0068431 
0. 0067189 

3  23  25.47 
3  23  35- 01 
3  23  44.  53 

52  53   6.  24 

54  7  49.75 

55  21  2.38 

22  59  17.01 

25    I  46.65 
27   4  20.21 

76  34  41.  II 
75  19  53-08 
74   5  9.80 

Earth  .  . 

C 1600 
1 1850 

1 2100 

0. 0168764 
0.0167711 
0. 0166642 

99  33  58. 12 

100  21  39.73 

101  9  30.01 
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With  these  values  of  the  elements  have  been  computed  the  values  of  the  two 
functions 


(a'  must  be  understood  as  belonging  to  the  exterior  of  the  two  planets).  The  follow- 
ing are  the  results  obtained; 


Date. 

First  function. 

Second  function. 

Date. 

First  function. 

Second  function. 

'  1600 

0. 01S6901 

-j-o.  0021313 

f  1600 

0.  0000386728 

— 0. 0000000065 

Mercury  . 

1850 

0.0187709 

-|-o.  0021840 

Saturn  .  . 

ii85o 

0. 0000385239 

— 0.0000000053 

.2100 

0.0188533 

+0.0022337 

I2100 

0. 0000383720 

— 0.0000000042 

r  1600 

0. 09254530 

— 0.00001803 

f  1600 

0.0000014416 

-|-o.  0000000006 

Venus ,  . 

i  1850 

0. 09260720 

— 0.00001370 

Uranus  , 

i  1850 

0.  0000014435 

-|-o.  0000000006 

L2100 

0. 09266871 

— 0. 00000945 

[  2100 

0.0000014463 

-|-o.  0000000007 

'  1600 

0. 0229324 

— 0.0000471 

r  1600 

0. 0000008752 

0 

Mars  .  . 

1 

1850 

0. 0229104 

— 0.0001 189 

Nei)tnne  . 

1 1850 

0. 0000008636 

0 

,2100 

0. 0228855 

— 0. 0001901 

I2100 

0.  0000008520 

0 

''1600 

0. 0001327178 

-f  0. 0000000952 

Jupiter  . 

1850 

0.00013 13057 

-|-o.  0000000993 

L2100 

0.0001298985 

-j-o.  0000001029 

In  computing  these  quantities  all  the  terms  given  by  Leverrier  have  been  em- 
ployed. In  the  case  of  the  action  of  Mars  it  was  found  that  the  terms  of  the  fifth 
order,  with  respect  to  the  eccentricities  and  incliucition,  amount  to  about  one  per  cent, 
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of  those  of  the  first  order,  thus  showing  a  lack  of  rapid  convergence.  Hence,  it 
appears  very  desirable  that  the  secular  action  of  Mars  on  the  Earth  should  be  deter- 
mined by  the  use  of  Gauss'  method. 

If  we  put  the  first  of  the  two  quantities  just  obtained,  equal  to  k  cos  K,  and  the 
second  equal  to  h  sin  K,  the  rate  of  motion  of  the  ecliptic  of  date,  in  reference  to  the 
ecliptic  of  1850.0,  is  given  by  the  formulae  ^  ~ 


d{sin  i  sin  6)            n        m'    .  . 
 Ti  '=       /  X     .  ^    cos (;r  —  JT^  —  K) 


d(sin  *  cos  ^)  n  ,     .     .  m  rrx 


in  the  case  of  the  action  of  an  interior  planet.  J'or  the  action  of  an  exterior  planet 
;r  —  77  is  substituted  for  tt  —  77'.  If  the  unit  of  t  is  the  Julian  year,  and  the  coeffi- 
cients are  to  be  expressed  in  seconds  of  arc,  we  have,  severally,  for  the  three  epochs : 


Date. 

1600 
1850 
2100 

6. 1 126579 
6. 1:26572 
6. 1126564 

It  is  now  easy  to  find  the  action  of  each  planet  in  changing  the  position  of  the 
plane  of  the  ecliptic  when  the  value  of  its  mass  is  known.  In  the  cases  of  Mercury, 
Venus,  and  Uranus  the  values  here  adopted  differ  somewhat  from  those  given  in 
Chapter  I : 


d{Bm  i  sin  0) 

I 

dt 

1600. 

1850. 

2100. 

Mercury 

7500000 

// 

-|-o.  0024694 

-f  0. 0025049 

-|-o.  0025401 

Venus 

408134 

-fo.  0681659 

-f  0.0744329 

+0.0806656 

Mars 

3093500 

-f  0.0061692 

-|-o.  0063362 

-|-o.  0065001 

Jupiter 

1047.  879 

-r-0.0281150 

— 0. 025 1 149 

— 0. 0221690 

Saturn 

3501.6 

— 0. 0057453 

— 0. 0054237 

—0. 0050999 

Uranus 

22640 

+0. 0000207 

+0. 0000239 

-f  0. 0000270 

Neptune 

19700 

— 0. 0000377 

— 0. 0000366 

— 0. 0000356 

Sum== 

-fo.  0429272 

-f  0. 0527227 

+0. 0624283 
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a(8in  %  cos  6) 

dt 

i6oo> 

1850. 

2IOOt 

// 

// 

// 

Mercury 

— 0. 0021146 

— 0. 0020956 

— 0. 0020767 

Ventis 

—0.  2858925 

— 0.  2845280 

—0.  2830271 

Mars 

— 0. 0073665 

— 0. 00721 12 

—0. 0070499 

Jupiter 

—0. 1617378 

— 0. 1604628 

—0. 1591487 

Saturn 

— 0.0131117 

— 0.0131883 

—0.0132566 

Uranus 

— 0. 0000799 

— 0.  C000791 

—0. 0000783 

Neptnne 

— 0. 0000435 

— 0. 0000435 

—0. 0000434 

Sum  = 

— 0. 4703465 

—0. 4676085 

— 0. 4646807 

From  these  data,  adopting  the  century  as  the  unit  of  time,  it  is  easy  to  derive  the 
following  formulae  :* 

//  //  // 

sin  i  sin  5  r=  +  5.2723T  +  0.19S01T2  —  0.000240T' 

sin  i  cos  5  =  —  46.7608T  +  0.056661^  +  0.000506T3 

Whence  also 

cos  i  =  I  -  [92.4155]^^  +  [89-58]^' 

In  deriving  suitable  formulae  for  precession  we  set  out  from  the  exceedingly 
simple  diflferential  equations  first  stated  by  PoissoN 

doo  _      I      dY  (?^_  I  dY 

dt  ~~  Qn  sin  go  dtp  dt  ^     Qn  sin  go  dco 

where 

Here  co  denotes  the  incHnation  of  the  equator  to  a  fixed  plane,  the  amount  of  back- 
ward motion  of  its  node  on  this  plane,  A,  B,  and  C  are  the  moments  of  inertia  of  the 
Earth  about  its  principal  axes,  C  being  supposed  to  belong  to  the  axis  of  rotation,  n  is 
the  angular  velocity  of  this  rotation,  supposed  constant,  m'  and  mf'  are  the  masses 
severally  of  the  Sun  and  Moon,  r'  and  the  distances  of  their  centers  from  the  center 
of  the  Earth,  and  /  and  the  projection  of  these  distances  on  a  plane  perpendicular  to 
the  equator.  However,  denoting  by  6'  and  5''  the  declinations  of  the  two  bodies,  it 
is  better  to  write  V  thus 

V  =  -  f (^0  f-J       ain^  6^  +      sm^  cJ" J 


*Leverrier's  value  of  the  coefficient  of  T«,  in  the  expression  for  sin  %  ain  6,  +o".i964  (Annalee,  Tome  II,  p.  104), 
appears  to  agree  with  that  found  here.  But  Hansen  and  Olufskn's  valne,  -fo".i8>?7  (TabJcs  du  SoleU- p.  seem^ 
to  be  in  error;  at  least  I  am  unable  otherwise  to  explain  the  discordance, 
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Were  there  a  third  body  producing  sensible  motion  in  the  axis  of  the  Earth  it  would 
be  only  necessary  to  add  to  the  last  factor  of  V  a  term  altogether  similar  to  the  two 
which  are  ahready  there. 

When  we  treat  precession  alone  it  suffices  to  substitute  for  the  terms 

^  sin^  ^'  +  ^  sin^  5"  their  secular  portions.  In  the  -case  of  the  first  of  these,  neg- 
lecting all  periodic  perturbations,  we  can  assume  that  the  Sun  moves  about  the  Earth 
in  an  ellipse  whose  elements  are  slowly  changing.  Assuming  that  the  ecliptic  of 
1850.0  is  the  fixed  plane  of  reference  for  the  measurement  of  co  and  V'?  if  y^'  and  A' 
denote  the  latitude  and  longitude  of  the  Sun  referred  to  the  ecliptic  and  mean  equinox 
of  the  same  date,  we  have 

siTi     =  sin     cos  go  +  cos  /3'  sin  00  sin      +  ip) 

But  taking  the  orbit  longitude  V  of  the  Sun  we  have 

cos  /3'  cos  (V  —6)=  cos  {V  -  6) 
cos  sin  (A'  —6)  =  cos  i  sin  (V  —  d) 
sin  =  sin  i  sin  {V  —  6) 

Here  i  and  0  denote  the  quantities  which  have  been  thus  designated  in  the  just  con- 
cluded treatment  of  the  motion  of  the  ecliptic.  By  substituting  these  values  in  the 
equation  for  sin  6'  we  get 

sin     =  [sin  i  cos  go  +  cos  i  sin  go  cos     +  B)]  sin  {V  —  6)  +  sin  go  sin     +  6)  cos  {V  —  6) 

From  the  theory  of  elliptic  motion  we  know  that  ^  cos  2/  and  ^  sin  2/  have  no  non- 
periodic  terms.    Thus,  for  sin^  8\  in  the  expression  of  V,  one  may  substitute 

i[sin  icoBGo  +  cos  %  sin  go  cos     +  6)Y  +  ^sin^  go  mx^     +  ^ 

and  for  -;3  may  be  substituted  its  non-periodic  term  (i  —  e'^)       But  calling  the  mean 

obliquity  of  date  and  ^'  the  general  precession,  the  formulae,  which  connect  a?',  ^' 
with  G),  ip  are 

sin  go'  sin      +  6*)  =  sin  go  sin     +  B) 

sin  go*  cos  -h  ^)  =  sin  i  cos  a?  +  cos  %  sin  ca?  cos  +  B) 
cos  cy'  =  cos  %  cos  ca?  —  sin  i  sin  a?  cos     +  ^) 

As  the  addition  or  subtraction  of  a  function  independent  of  co  and  ^  to  V  does  not 
impair  its  use  for  our  purposes,  it  is  plain  we  may  substitute  for  sin^  5' 

—  ^  cos'*  ci5'  =  —  ^[cos  i  COS  GO  —  sin  %  sin  go  cos     +  ^)]'* 

To  ascertain  the  non-periodic  part  of  ^^^^^3^  is  more  difficult,  as  the  solar  pertur- 
bations of  the  Moon  have  to  bo  considered.    However,  some  simplifications  occur. 
25  AST  33 
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It  is  well  known  that  the  plane  of  the  Moon's  orbit  follows  the  ecliptic  in  its  motion. 
Then,  if  /?"  and  A"  +  -ip^  denote  the  latitude  and  longitude  of  the  Moon  referred  to 
the  ecliptic  and  mean  equinox  of  date, 

sin  6"  —  sin  y?"  cos     +  cos  /?"  sin  a/  sin  (1"  +^') 

y//3    =       y/zb    cos^*     H  pTj—  sm  (A,''  +      sin  a?'  cos  a/ 

,  iC0S=>y5"   .  ,  iCOS^yS"  .  .  .  ^ 

+  2    r//3  ^  ~  2  2(A.''  +  ^0  sin» 

Now  it  is  evident  that  the  two  terms  of  the  last  equation,  which  have  the  factors 
sin  (A'^  +  V'')  and  cos  2(A''  +  V0?  are  wholly  periodic,  and  thus  may  be  rejected. 
Furthermore,  from  the  expression  we  may  subtract  ,  which  does  not  contain 

GO  or  V'.    Thus,  for  our  purpose,  we  may  substitute  for  ^^^77^ 

I  I  —  3  sin*  .  ,  , 
2  >3    ^  smW 

The  non-periodic  term  of  the  first  factor  of  this,  corresponding  to  elliptic  values  for 

the  co-ordinates,  is  readily  discovered.    For  the  non-periodic' term  of  ^  is  (i  —  <s"^) 

and  the  orbit  longitude  and  the  longitude  of  the  node  of  the  Moon  being  denoted  by 
and  ft"  and  its  inclination  by 

sin^      =  sin*     sin*  (Z"  _  Q'')  =  i  sin*  t"  -  -  sin*     cos  2(Z"  -  ft") 


//3 


But,  as  before  mentioned,  ^  cos  2(Z"  — ft")  does  not  contain  any  non-periodic  term. 
Hence,  the  non-periodic  part  of  ^(i  —  3  sin^  /?")  is 

To  obtain  the  terms  of  the  constant  part  of  this  function,  which  arise  from  solar 
perturbation,  we  take  from  Pont^coulant*  the  following  terms  of  ^ 

^  =  (z-^'*n  +  V-^*-Ff|m«-h^^^ 

AC 

+      cos  (p  +  -pnef'  cos  (2^  —  ^) 


•Tb6orie  AnalTtique  du  S>st6me  du  Monde,  Tome  IV,  pp.  216,  226,  303. 


MOTION  OF  THE  ECLIPTIC  AND  PRECESSION.  515 

From  the  value  of  sin^  yff"  we  have  * 

I  -  3  sin'  ^"  =  I  -      [i  +  i-n^  + +  +  IP^V-  + 

-       +  cos  2S  +  ^m^eLf  cos  <p  +  ^e"  cos  (2^  —  9?)^ 

By  the  multiplication  of  these  factors  it  is  found  that  the  constant  term  of 

^( 


^(i  —  3  sin^  yff"),  which  we  denote  by  N,  is 


\     2       y    2      32      10  90 

-[t3»'->-+S»"]^ 

This  quantity  may  be  regarded  as  absolutely  constant,  as  the  only  symbol  which 
varies  in  it,  is  multiplied  by  a  small  factor.  However,  if  it  is  desired  to  consider  its 
variability,  the  resultant  term  unites  with  the  similar  term  arising  from  the  action  of 
the  Sun,  and  the  final  formulae  are  not  rendered  thereby  more  complex.  On  substi- 
tution of  the  numerical  values  of  the  quantities  involved,  it  is  found  that  at  the  epoch 
1850 

K  =  0.9952929 


It  will  be  seen  that  the  two  terms  of  V  involve  severally  the  factors  ^and  ^/s- 
But  it  will  be  more  convenient  to  replace  them  by  the  following  equivalents: 


where  m  denotes  the  mass  of  the  Earth. 
If,  therefore,  we  put 


C-^(A  +  B) 

H  =  ^  

4 


it  will  be  perceived  that  this  quantity  is  independent  of  the  assumed  units  of  measure- 
ment ;  moreover  it  is  nearly  constant,  its  variability  arising  from  that  of  e'^  It  is 
sufiiciently  accurate  to  assume  that  it  is  of  the  form  a  -f  ht    If  we  put 

/I  =  H  cos^  ft?'  =  H  [cos  *  cos  GO  —  sin  i  sin  go  cos     +  6)Y 
*Th€orio  Analytique  du  Systfime  du  Monde,  Tome  IV,  p.  338, 
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our  differential  equations  become 

I  dao  _     I     d£L  -      ^  ^^f'  _  _     i  dfl 

n  W  ~  sin  a?  dtp  n  dt  "     sin  a?  5^ 

These  equations  fulfill  the  law  of  dimensions  as  the  left  members  are  the  ratios  of  two 
angular  velocities,  and  the  right  members  also  are  functions  of  ratios.  They  can  be 
written 

^  =  2Hw  sin  i  cos  co'  sin  {tp  +  6) 

^  =  2H7t  cos      [cos  i  +  sin  i  cot  a?  cos     +  6)] 

It  is  convenient  to  have  differential  equations  determining  go'  and  tp'  directly,  and 
thus  avoid  the  arriving  at  them  through  the  mediation  of  go  and  tp.  It  is  plain  from 
the  preceding  expressions  for  fl  and  the  differential  equations  for  and  tp  that  the 
complete  differential  of  cos  go'  is  equal  to  the  partial  differential  of  its  equivalent  in 
terms  of  go  and  tp  taken  with  respect  to  t  as  far  as  it  is  implicitly  involved.    This  gives 

 =  —  I  sm  *  cos  07  +  cos  t  sm  a?  cos     +  ^)       +  sin  %  sin  gj  sin  {tp  +  6)-^ 

d%  dS 
=  —  sin     cos  (tp*  +  6)-^  +  sin  i  sin  a/  sin  {tp'  +  6)^ 


Consequently 


=  cos      +  z?)^  -  sin  *  sin  (0'  + 


In  order  to  arrive  at  an  expression  for  we  differentiate  the  first  of  the  equa- 
tions which  show  the  relation  of  a?',  tp'  to  o),  tp.  Thus 

cos  co'  sin      +  6)dQ{/  +  sin  a/  cos  {tp'  +  6)  (^^'  +  dO)  =    cos  a?  sin  {tp  +  ^)^a? 

+  sin  GD  cos     +  6)  {dtp  + 

Substituting  in  the  right  member  of  this  the  values  of  dco  and  dtp  which  have  been  just 
given,  it  reduces  to 

2H«  sin  g/  cos  o/  cos  {tp'  +  d)dt  +  [cos  i  sin  a?'  cos  {tp'  -\-  6)  —  sin  i  cos  Go']d6 

Also  employing  the  valve  of  dco^  previously  given,  the  equation  is  transformed  into 
sin     cos  {tp'  +  6)dtp'  =     2Rn  sin      cos  co'  cos      +  6)dt  —  cos  a?'  sin  {tp'  +  ^)  cos      +  6)di 
—  ^2  sin^  ^  sin  g/  cos     +  ^)  +  sin  *  cos  g/  —  sin  i  cos  g/  sin*  {tp'  +  ^i^)  J  d6 

Whence  we  derive 

^  =  2Hn  cos  g/  —  cot  g/  sin      +  6^)^  —  |^2  sin*  ^  +  sin  i  cot  go'  cos      +  6)]^  ^ 
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The  expressions  for  ^  and  ^  can  be  simplified  by  putting 

7       TT         ,   M      ,   .      M       dp       ^    i  di 
Zc  cos  K  =  —  sin  6-^  —  sin  %  cos  6^  =z  —  ^  ^  p  ta,n  - 

1       TT  Jii      .    .  ,   M        dq  ,    ^     t  di 

Ic^mK^    cos6^g^-smism^g^=  ^+qtm-^^ 

where  p  and  q  have  the  usual  significations 

2>  =  sin  i  sin  ^  q=z  sin  %  cos  ^ 

Then  the  two  difi'erential  equations  take  the  form 

^  =  fcsin  (^'  +  K) 

dtb'      „  i  dd 

=  2Hn  cos  ce/  —  2  sin^  -     +  A;  cot  a/  cos      +  K) 

They  are  readily  integrated  in  powers  of  the  time  by  the  use  of  Maclaurin^s 
Theorem.    Let  us  suppose  that  at  the  epoch  1850.0  we  have      =  23^27'3i".83, 

gj-  =  5025''.787.    2Rn is  diminishing  at  the  rate  of  o''.oo3656  in  a  century.    The  term 
%  d& 

—  2  sin^  which  is  excessively  small,  is  equivalent  to  +o'^oooo23T^.  With  these 
have  been  calculated,  at  intervals  of  500  years,  the  following  quantities: 


Date. 

log  & 

K 

00' 

0     /  // 

0  ' 

0  /  // 

850 

1.6790634 

268  26  24.02 

23  35  16-72 

—13  55  46.39 

1350 

I. 6758217 

266   0  11.29 

23  31  25.20 

—  6  58  21. 06 

1850 

1.6726250 

26334  1.36 

23  27  31-83 

0  0  0.00 

2350 

1.6694575 

261    7  42.41 

23  23  38.08 

+  6  59  16.80 

2850 

I.  6663071 

258  41    0.  53 

23  19  45.42 

+13  59  29.35 

The  rates  of  motion  of  co'  and  V''  can  be  obtained  from  the  difi'erential  equations. 
They  are 


Date. 

(TT 

di^' 
dT 

850 

// 

—46. 02522 

n 

+5003.  78451 

1350 

46. 53860 

5014.  73750 

1850 

46. 76080 

5025.  78700 

2350 

46. 68988 

5036.  86128 

2850 

—46.  32694 

+5047.  88573 

From  these  quantities  are  inferred  the  formulae 

=  23027'3i^83  -  46^76o8T—  0^00757X2+  o''.ooi956T=> 

5025'^787oT  +  1^10739X2+  o".oooi74T3-  o'^oooo488T* -  o''.oooooo23T5 

which  substantially  give  again  the  values  of  and  V''  employed  in  computing  the 
rates  of  motion. 


CHAPTER  XXVII. 

REFERENCE  OF  THE  LONGITUDES  AND  LATITUDES  OF  JUPITER  AND  SATURN  TO  THE  MEAN 

EQUINOX  AND  ECLIPTIC  OF  DATE. 

In  order  to  have  the  greatest  simplicity  in  the  formulse  we  assume,  in  the  case  of 
each  planet,  the  mean  plane  of  its  orbit  at  the  epoch  1850.0  as  the  plane  from  which 
its  latitude  in  the  first  instance  is  to  be  counted.  In  the  interval,  1600-2 100,  that  is, 
250  years  on  each  side  of  the  epoch,  the  maximum  latitude  of  Jupiter,  referred  thus 
to  its  plane,  will  be  about  40'';  the  similar  quantity  for  Saturn  will  be  about  sS'\ 
Thus  we  can  put  cos  i=  i,  cos  h=  i  whenever  they  multiply  quantities  of  the  order 
of  the  disturbing  forces.  Then,  in  Hansen's  equations  (21)*,  we  have  io  =  o,  h=2^ 
and  they  become 

cos  b  sin  (I  —  fff^  —  r)  =  sin  (/+  ;r  —  ^0)  —  ^sq 
cos  b  cos  —  ^0  —  -T)  =  COB  (/+  ;r  —  i9o)  +  ~sp 
sin  &  =s 

From  these  we  derive 

COS  b  sin  (I  — /—  —  T)  =  —~sq  cos  (/+  tt  —  ^0)  —  sin  (/+  tt  —  ^0) 
cos  b  cos  (I  — /—  ;r  —  r)  =  I  +      cos  (/+  n^6o)—~sq  sin  (/+  tt  —  6*0) 

But 

p  cos  {v  ^60)  —  q  sin  (v^  0o)  =  ^» 

ds 

q  cos  {V  -eo)+p  sin  {v  -  6'o)  =  ;^ 

Consequently 

cos  b  cos  {I  —  /—  TT  —  r)  =  I  — 

COS  b  sin  {I         7t^r)  =  -ls^ 

Neglecting  terms  of  the  fourth  order  with  respect  to  disturbing  forces  these  equations 
give 
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Thus,  /+  n  denoting  the  amount  of  description  of  angle  by  the  radius  vector,  the  two 
latter  terms  of  the  equation  represent  the  reduction  required  to  refer  this  angle  to  the 
chosen  fixed  plane. 

Since  s  =  ju^  for  the  computation  of     we  have* 


2  cos  <poJ  dZ 


The  second  term  of  the  reduction  can  be  made  to  undergo  the  following  transforma- 
tions : 

1  ds  ^     ir^{i  +  vYd.s^^     I     F     ^ ' 

2  dv        4      cos  <p   ndt         4     cos  <p  ndt 

4  cos       ndt  ndt     '  J 

In  the  case  of  Jupiter  it  is  found  that  the  largest  terms  of  F  are 
r  =  ~  o''.oooi  sin  (5^'  —  2g)  —  o",ooo2  cos  (sg'—sg) 

it  is  therefore  quite  insignificant.    For  the  second  term  it  is  sufficient  to  take 

//  //  // 

«2  —  ^.  0.0000002371^^2  —  o.ooooooi5ti2i2  cos  (—  2g)  +  0.0000001 7 w^^^  sin  (—  2g) 
d  .  «2 

=  +  0.0000004671^   —  o.oooooo3om2<^  sin  (—  2g)  —  0.00000034^^^^  cos  (—  2g) 

Thence,  with  sufficient  approximation, 
I  ds 

—  -8^  —  +  o''.ooooooo75w2^'  sin  (—  2^)  +  o^*,oooooooS:^nH^  cos  (—  2g) 
In  the  case  of  Saturn  we  have 

//  ti 
r*  =  +  O.OOOOOOOOOQTl'^f^ 

+  0.0000 1  Sti'f  sin  (  ^'  —  g)—  0.000003^'^  cos  {  g^  —  g) 
—        o.ooooo2W'^        sin  (3<)r'  —  g)  +        o.ooooioti'*    COS  (3(7'  —  g) 

+ { 1 0:000:34.'^  ! (5^'  -  + { ;  ::iZ2rn^t }  (5^'  - 


I 

^dv' 


 s'jr?  =  —  0.0000047^'^ 


—  0.00000491'^      sin  2g^  —  o.oooooiti'^      cos  2^' 

—  0.00000001  w'^f^ 

—  0.000000 1 6n'2i^  sin  g^  +  0.00000047 w'^^^  cos  g' 
4-  o.oooooi45w'2<2  sin  2^'  —  o.ooooo4i9ti'2<2  cos  2^' 
+  0.000000 1 6n'2^2  sin  3^'  —  o.oooooo46n'2^2  cos  3^' 
+  o.ooooooo2w'2<2  sin  4.g^  —  o.ooooooo4W'2f2  cos  4^' 


*Au8eiiiander8et2nng,  Abth.  I,  a,  81,  gl.  (23). 
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Let  i  denote  the  inclination  of  the  plane  of  the  primitive  orbit  on  the  ecliptic  of 
date,  and  9  the  longitude  of  its  ascending  node,  counted  on  the  plane  of  the  primitive 
orbit  from  the  same  point  of  departure  as  for  I,  and  Q  the  longitude  of  the  same  node, 
counted  on  the  plane  of  the  ecliptic  of  date  from  the  mean  equinox  of  date.  Then, 
if  A  and  p  denote  the  longitude  and  latitude  of  the  planet  referred  to  the  mentioned 
equinox  and  ecliptic,  we  shall  have 

sin  /3  =     cos  t  sin  5  +  sin  t  cos  b  sin  {I  —  6) 

cos  y5  sin  (A  —  Q )  =  —  sin  t  sin  b  +  cos  i  cos  b  sin  (1—6) 
cos  /?  cos  (A  —    )  =  cos  2>  cos  {I  —  6) 

In  these  equations  i,  5,  and  Q  depend  only  on  io,  the  values  of  i  and  9  for  the 
epoch  1850.0,  and  on  the  quantities  which  determine  the  position  of  the  ecliptic  of 
date  with  respect  to  the  ecliptic  of  the  epoch.  If  the  change  in  the  measure  of  orbit 
longitudes  is  denoted  by  Q  —    +    the  foregoing  equations  may  be  written 

sin  /?  =     cos  t  sin  6  +  sin  i  cos  b  sin  (I  —  60+  a) 

cos  y5  sin  (A  —  )  =  —  sin  t  sin  2>  +  cos  i  cos  5  sin  {l^Oo  +  a) 
cos  /?  cos  (A  —  Q )  =  cos  2>  cos  {I  —  0o  +  oc) 

The  three  quantities,  i,  Q ,  and  a,  are  determined  by  the  equations 

sin  i  cos  ( —  6^"  _  =  —  sin  cos  to  +  cos  t"  sin  to  cos  —  9o) 
sin  t  sin  <  Q  -  6"'  -  ^0  =  -  sin  to  sin  {0''  -  60) 

cos  t  =     cos  t''  cos  +  sin     sin  to  cos      —  Oo) 

sin  i  cos  a  =     sin  %  cos  t^'  —  cos  (q  sin  i*'  cos      —  ^0) 

sin  t  sin  a  =     sin  i"  sin  —  ^o) 

where  i"  and  0"  are  the  quantities  denoted  as  i  and  9  in  the  preceding  chapter,  and 
there  used  to  determine  the  position  of  the  ecliptic  of  date  with  respect  to  the  ecliptic 
of  1850.0;  denotes  the  general  precession.  For  the  first  two  of  these  equations 
we  may  substitute 

sin  t  cos  ( —  ^0  —  ^0  =  sin  —  cos  to  sin  t''  cos  (6'"  —  6'o)  —  2  sin  io  sin^  cos^  —  ^0) 
sin  t  sin      —  0o  —  tf;')=:         —  cos  to  sin  t"  sin  (6^"  —  ^o)  —    sin  to  sin^  ^t"  sin  2(^"  —  ^o) 

and  instead  of  computing  a  it  will  be  more  accurate  to  derive  Q  —  +  ^  —  V'^  which 
is  a  very  small  angle.    By  putting 

=  -  cos    sin  i''  cos      -  60)  -  sin  %  sin^        +  cos'*      -  ^0)] 
d  =     cos'*  ito  sin  t''  sin      -  60)  +  sin  to  sin^  it"  sin  2(6"'  -  ^0) 
6  =  -  2  sin  to  sin^  U''  sin^  (6''  -  6'o) 

C  =     2  sin'*  ^t'o  sin  i^'  sin      —  Oq)  —  sin  to  sin*  -^t"  sin  2(6'"  —  6*0) 
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we  can  write 

gin  i  cos     —  ^0—^0  =  sin  to  +  ^  —  ~e 
sin  i  sin  (Q  —  60— tp*)  =         _  ^  + 
sin  i  cos  a  =  sin  to  +  K  +  ~* 


sin  t  sin  a  =  d+ 


From  these  four  equations  we  derive 

sin^  i  sin  {Q  —  ^0+  «  —      =  C  sin  to  4-  ;^C— 
whence,  since  Q  —  Oq  +  a  —  ip^  is  so  small  an  angle, 


In  the  equation  which  gives  the  value  of  sin  j3  we  can  put  cos  6  =  i,  since  it  is 
multiplied  by  the  small  factor  sin  i  Thus 

sin  /?  =  cos  t  sin  &  +  sin  t  sin  (Z  —  ^o  + 

For  convenience  of  tabulation  we  shall  separate  J3  into  two  parts,  so  that  JS  —  +  ^fi^ 
where  /?owill  be  obtained  from  the  formula 

sin  /?o  =  A  sin  Z  +  B  cos  I 

A  and  B  being  expressible  in  powers  of  the  time.  In  doing  this  we  shall  remove  from 
the  term  cos  i  sin  b  the  portion  which  can  be  regarded  as  a  function  of  the  same  form 

as  sin  /?o>  and  unite  it  with  the  latter.  Let  what  is  left  of  sin  &  =  5  =  after  this  re- 
moval, be  denoted  as  ^(sin  b).  Then  zf/?,  being  purely  periodic  and  amounting  at 
most  to  a  few  seconds,  is  given  with  sufficient  exactness  by  the  formula 

A  a     cos  t  ,  •  ,      cos  i  ./a  \ 
^     cos  yoo  cos  /?o   \^  J 

By  putting 

J5"  =  sin  t"  sin  6''  sin  t"  cos  6'* 

quantities  which  have  been  determined  in  the  preceding  chapter,  we  can  write  the 
formula  for  the  latitude  in  either  of  the  two  forms 

Bin  /?  =  cos  t  sin  &  +  [  v^i  -^"SJ-^"*  sin  t'o  -  J5"  cos  to  sin    -  5"  cos  to  cos      sin  {I  -  6^) 
+  0"  cos  ^0—  2"  sin  ^0]  cos  {I  -  0o) 

cos  t  sin  6  +       v/i-jf>"*— sin  t©  cos  6'0+Jp"  sin*  ^to  sin  2  ^0  -    (cos  to  cos*  60+  sin*  <?o) J  sin  [ 

+      ^i_y2_^//2  gjjj  ^-^  gin  ^o+jp"  (cos*  ^o+cos  to  sin*  6'o)-5"  sin*  Uo  sin  2^oJ  cos  I 
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The  rigorous  equation,  which  gives  the  value  of  sin  6,  being 


Sin 


where  Tq  and /denote  elliptic  values  and  /  an  /  which  is  constant  in  the  integration, 
it  is  easy  to  see  that  the  constant  factor,  which  multiplies  the  force,  is 

But  the  factor  actually  employed  in  the  determination  of  u  was 

-a^-T  sin  J 


I  +  m  a 

Hence,  in  deriving  sin  b  from  w,  we  ought  to  multiply  the  latter  by 

We  have  severally  in  the  cases  of  Jupiter  and  Saturn 

log        =  o.oooooSs  log         =  9.9996292 

From  the  equations  connecting  X  and  with  I  and  b  there  is  obtained,  with  a 
sufficient  degree  of  approximation, 

A,  —  Z  —  Q  +  6'0  —  a  =  —  tan^  ~i  sin  2  {l~  do+  a)+^  tan*  U  sin  4  (Z  —  ^0  +  «) 

—  2  tan  i»  tan  ft  cos  (Z  —  ^0  +  «)  +  2  tan^  U  tan  6  cos  3  (I  ~  0o+  a) 

By  substituting  in  this  the  value,  which  has  been  obtained  for  q  —  9^  +  a  —     we  get 
X  =  l  +     +  £il5-!|+_^^II^  _  tan^i^  sin  2  {I  -  5o+  «)  +  ^  tan*  U  sin  4  (Z  -  ^0+  «) 

—  2  tan  it  tan  b  cos  (Z  —  ^0+  «)  +  2  tan^  -i  tan  b  cos  3  (Z  —  ^0+ 

2  2 

The  part  of  the  second  line  of  this  formula,  which  depends  on  the  portion  -J  (sin  6)  of 
sin  6,  is,  with  sufficient  approximation, 

sin 

—  (sin  b)  cos  (Z  —  ^0+  «)  =  —  tan  i  .  /]J3  .  cos  (Z  —  ^0+  «) 

For  the  remainder  of  sin  6,  which  can  be  regarded  as  identical  with  tan  6,  we  can  write 

tan  6  =  A  sin  (Z  —  ^0  +  «)  +  B  cos  (Z  —     +  «) 
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A  and  B  being  expressible  in  powers  of  the  time.  Substituting  this  value  in  the  last 
line  of  the  equation  for  X  it  becomes 

—  B  tan  -  —  A  tan  -  (  i  +  tan^  -  J  sin  2     —  ^0  +     +  A  tan^  -  sin  4    —  ^0  + 
—  B  tan  -  f  I  —  tan"  -  \  cos  2     —  ^0  +     +  B  tan^  -  cos  4    —  ^0  + 

If,  therefore,  we  adopt  two  new  quantities  I  and  7,  such  that 

tan^     cos  27  =  tan^  2     ^       2  (  '  2  ) 

tan*     sin  27  =  B  tan  |      —  tan*  ^ 

which  may  be  replaced  by  the  equations 

sin  I  cos  7/  =  sin  t  +  A  cos  i 
sin  I  sin  7/  =  B  cos  % 

the  equation  for  A  can  be  written 

+  i  tan*  -il  sin  4  (Z  —  <9o  +  «  +  77) 
—  tan  t .       cos  (I  —  6^+  a) 

As  the  tabulation  of  perturbations,  both  secular  and  periodic,  for  a  fourth  co-ordi- 
nate, the  reduction  to  the  ecliptic,  appears  a  work  of  supererogation,  we  will  give  a 
method  by  which  it  can  be  avoided.    Let  the  equation  for  A  be  written 

X  =/+  n  +  U  —  tan2      sin  2  (/+  n  —  6^)  +  ^  tan*      sin  4  (/+  ;r  —  ^0)  + 

In  this  formula  ht  denotes  the  term,  proportional  to  the  first  power  of  the  time,  in  the 
development  of  the  expression 

^  ^  Sin'  X  2 

in  powers  of  the  time;  and  denotes  the  remainder  of  this  expression  plus  the  secular 
and  periodic  perturbations  of  what  is  generally  known  as  the  reduction  to  the  ecliptic. 
If  we  do  not  go  beyond  300  years  from  the  epoch,  for  either  Jupiter  or  Saturn, 
scarcely  exceeds  lo'^  Quantities  dependent  on  its  square  may  then  be  neglected. 
We  have 

dz  ^  a^n  cos  <p  cos  % 
3%  —  f »  cos^A 
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Consequently,  if  we  equate  the  argument  ^  +       by  applying  to  it  the  correction 

we  shall  obtain  the  proper  value  of  X—tt  —  M  by  entering  a  table  calculated  for  this 
quantity,  but  in  which  the  term  6R  has  been  ignored.  ^(nS^)  is  a  quantity  which  can 
be  developed  as  a  function  of  g  and  and  having  precisely  the  same  form  as  ndjs^,  its 
addition  in  nowise  complicates  the  latter  quantity ;  the  only  change  being  that  some 
of  the  coefficients  are  modified  by  trifling  amounts. 

On  account  of  this  modification  of  the  fundamental  argument  the  expressions  for 
V  and  /?o  must  receive  corrections.    The  correction  for  v  is 

=  —  ^  '^^^  ^J{ndz)  =      sin  sin  ^(^(y^i) 

The  correction  to  sin  is 

J(sin  A)  =  -  ^^^^^^AnSz)  =  -  tan  t  cos^A  cos  (fA-Tt-do).  SB 

These  corrections  are  quite  minute. 

Application  of  the  formulce  to  Jupiter.  * 

Supposing  that 

A  sin/+  B  cos / 

are  the  terms  to  be  removed  from  cos  i  sin  &,  we  have,  for  determining 

A  a  —  .£211^^  5  _  .  sin/  ^  cos/ 
^  ~  cos  /?o  ^cos  /?o       cos  >5o 

A  and  B  can  be  determined  so  that  no  terms  of  the  form  sin  g  +  A/T  cos  g  appear 
in  Jfi,  From  special  values  computed  for  eight  points  of  the  circumference  at  two 
epochs,  using  elliptic  values  of  the  co-ordinates  augmented  by  the  secular  terms,  it  is 
found  that 

r  cos^  =        0.9998907  -  0.0000077T 

+  [  0.04821 18  +  o.oooooioT]  cos  g 
+  [  0,0000010  +  o.ooooooaT]  sin  g 
+  [  0.0024471  +  0,0000098!]  cos  2g 
+  [—  0,0000134  +  0.0000072T]  sin  2g 
+  [  0,0001444  —  0.00000 1 9T]  cos 
+  [—  0.0000014  +  0,0000015!]  sin  3^ 
+  [    0.0000138  —  0.0000031T]  cos  4P 
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In  this  expression  g  ought  to  be  replaced  by  g-^-nSz^  it  is  sufl&cient  to  take  for  ndz 
the  two  terms  having  the  arguments  5/  —  2g  and  5^'  —  T^g.  The  additional  terms, 
which  thus  should  be  joined  to  the  expression,  are 

+  0.0000554  cos  (5p'  —  ^)  —  0.0001298  sin  (ig*  —  g) 

—  0.0000188  cos  (5^'  —  2g)  —  0.00000T2  sin  (5p'  —  2g) 

—  0.0000554  cos  (5^'  —  sg)  +  0.0001298  sin  (5^'  —  ^g) 
+  0.0000188  cos  (5^'  —  4^)  +  0.0000012  sin  (5^'  —  4g) 

In  a  similar  way  have  been  obtained  the  two  expressions 

sill  /  *  .  /rm 

— ^  =  +  0.000001  —  0.0001 796T 

cos  fjQ 

[0.998031  —  0.0000160T]  sin  g  +  [—  0.000007  ~  0.0000185T]  cos  g 
+  [0.048106  +  0.0001633T]  sin  2g  +  [—  0.000002  —  0.0001809T]  cos  2g 
+  [0.002674  +  0.0000169T]  sin  3^  +  [  0.000007  —  0.0000185T]  cos  3^ 
+  [0.000159  +  0.00000 1 5T]  sin  4g  +  [  0.000001  —  0.00000 1 6T]  cos  4p 
+  0.001 146  sin  (5^'  —  g)  +  0.002687  cos  (5^'  —  g) 

—  0.000388  sin  (5^'  —  2g)  +  0.000024  cos  (5^'  —  2g) 
+  0.001 146  sin  (5^'  —  3^)  +  0.002687  cos  isg^  —  zg) 

—  0.000388  sin  (5^'  —  4^)  4-  0.000024  cos  (5^'  —  4p) 

^^"C  =  —  0.048252  —  0.0001648T 

cos  fjQ 

+  [0-997577  "  0.0000196T]  cos  g  +  0.000007  +  0.0000159T]  sin  g 
+  [0.048094  +  0.0001630T]  cos  2g  +  [  0.000001  +  0.0001780T]  sin  2g 
+  [0.002672  +  0.00001 73T]  cos  3^  +  [  0.000007  +  0.0000203T]  sin  3^ 
+  [0.000159  +  0.0000014T]  cos  4g  +  [—  0.000001  +  0.0000017T]  sin  4^ 
+  0,001145  cos  (5^'—  g)  —  0.002686  sin  (5^'—  g) 

—  0.000388  cos  (5^'  —  2g)  —  0.000024  sin  (5^'  —  2g) 

—  0.001 145  cos  (5^'  -  sg)  +  0.002686  sin  {K^g'  —  ^g) 
+  0.000388  cos  (5p'  —  4p)  +  0.000024  sin  (5^'  —  4g) 

Adding  together  all  the  first-order  terms  with  those  of  the  second  order,  and 
changing  the  parts  of  the  coefficients  multiplied  by  nt  and  nH^  into  the'  equivalents 
having  the  factors  T  and  T^,  we  have  the  expression  for  ti^  which  it  is  suitable  to 
employ  here.    The  equations,  which  then  result  for  determining  A  and  B,  are 

//  // 

A[  0.998031  —  0.0000160T]  +  B[—  0.000007  +  0.0000159T]  =  —  14.6842T  —  0.04638T2 
A[—  0.000007  —  0.0000185T]  +  B[    0.997577  —  O.OOOOI96T]  =       6.5083T  —  o.o98o4T^ 


Whence  we  derive 

B  =  +  6.S240T  —  0.098421* 


A  =  —  14.7132T  —  0.046811:3 
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Since /=Z—  ii^  56'  9^.33,  as  far  as  these  terms  are  concerned,  we  have,  in  joining 
to  them  the  terms  of  the  third  order,  obtained  at  the  end  of  Chapter  XXIV, 

//  //  // 

cos  i  sin  Z>  =    [—  13.0458T  —  0.06615T*  +  0.000324T3]  sin  I 

+  [      9.4259T  —  0.08661T*  —  0.000240T3]  cos  I 

By  employing  the  expressions  for  jp"  and  found  in  Chapter  XXV,  we  get  the 
remaining  portion  of  sin  yffo>  which  is  due  to  the  motion  of  the  ecliptic;  it  is 

//  //  // 

sin  /3o  =    [46.7603T  —  o.os66sT*  —  0.000506T3]  sin  I 

+  [  5.2691T  +  0.19508T2  —  0.000240T3]  cos  I 

It  is  not  worth  while  to  add  here  the  two  portions  together,  as  the  first  has  been  com- 
puted with  the  values  of  the  masses  of  the  planets  adopted  at  the  beginning  of  this 
investigation,  and  which  will  receive  some  modifications,  in  consequence  of  the  com- 
parison of  the  theory  with  observation,  to  be  given  in  the  following  chapter.  But  in 
deriving  the  motion  of  the  ecliptic,  in  Chapter  XXV,  regard  has  been  taken  of  these 
modifications. 

The  following  is  the  expression  we  obtain  for  J/S: 


^J3 

J/3 

Arg=i'fif'4-tflf 

sin. 

COS. 

sin. 

COS. 

i'  i 

//  // 

//  // 

i'  i 

//  // 

//  // 

0  0 

4-0. 0369 

4  0 

4-0. 0058 

4-0. 0024 

0 —  2 

,  — 0. 0061 

—0.0135 

4 —  I 

4-0. 0406   0.  ooooT 

— 0. 0238  0.  ooooT 

0—  3 

-|-0,OOOI 

— 0. 0007 

4 —  2 

—0. 0246 — 0. 0007T 

4-0. 1424 — 0.  oooiT 

1+  2 

1+  I 
I  0 

+0.0051 

4-0. 1024 — 0. 0005T 
+0, 442o-[-o.  0041T 

— 0.0006 

4-0.01604-0. 0002T 
— 0. 30414-0. 0057T 

4—  4 

4-  5 

4-0.  2286— 0.001 2T 
4-0. 0200   0.  ooooT 
4-0.0043 — 0. 000 1 T 

4-0. 09244-0. 0035T 
— 0. 00674-0. 0002T 
4-0. 00744-0.  oooiT 

I—  I 

— 0.  -1112 — 0.  OO27T 

— 0. 0591—0. 0004T 

5  0 

— 0. 00304-0. 0001 T 

4-0. 0080—0. 0001 T 

I —  2 

— 0. 2579— 0,  ooioT 

— 0. 0601 4-0. 0042T 

5—  I 

— 0. 06744-0. 0036T 

4-0. 17074-0. 0005T 

I-  3 

— 0. 0108  0.  ooooT 

—0. 00484-0. 0004T 

5 —  2 

4-0. 19364-0. 0002T 

— 0. 0014—0. 0006T 

2+  I 
2  0 
2—  I 
2—  2 

+0. 00424-0. 0004T 
— 0. 0247 -fo.  0014T 
+0'  4575— 0. 0060T 
— 0. 09224-0. 0008T 

— 0. 01754-0.  oooiT 
— 0. 3414— 0.0015T 
+0. 42874-0. 0055T 
4-0. 20094-0. 0058T 

5-  3 
5—  4. 
5-  5 
5—  6 

—3.53404-0. 0065T 
— 0. 1763—0. 0005T 
— 0.0044 — o.oooiT 
—0. 0025 

+0.3195— 0.0042T 
+0, 0592 — 0. 0008T 
+0. 0064+0. 0004T 
+0. 0024 

2—  3 

— 0. 00334-0. 0002T 

— 0. 05644-0. 0003T 

6-  I 

4-0. 0002 

+0. 0007 

2—  4 

4-0. 00064-0. 0002T 

— 0. 0028   0.  ooooT 

6-  2 

4-0. 0065 

+0. 0018 

3+  I 
3  0 
3-  I 
3—  2 
3-  3 

4-0. 0023 — 0. 000 1 T 
4-0. 0366—0, 0002T 
4-0. 16514-0. 0005T 
—0.5398— o.oioiT 
— 0. 0541—0. 0005T 

4-0.0015— o.oooiT 
4-0. 04214-0.  oooiT 
—0. 01 134-0. 0004T 
-|-o.  8570—0. 0064T 
4-0. 0165 — 0. 0004T 

6-3 
6-4 
6-  5 
6-  6 
6-  7 

— 0. 0317 
4-0.0134 
— 0.0119 
—0. 0018 
— 0. 001 1 

+0.0186 
+0. 0465 
+0. 0033 
+0. 0030 
—0. 0008 

3—  4 

4-0. 0189 — 0. 0002T 

— 0. 00304-0.  oooiT 

7—  2 

4-0. 0036 

— 0.0015 

3-  5 

4-0.0012 

— 0.0001 

7—  3 

—0. 0040 

+0. 0029 
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fiin. 

COS. 

sin. 

COS. 

i'  i 
7—  4 

7-  5 

7—  6 

7—  7 

7-  8 

//  // 
+0. 0383 

— 0. 007  ? 
WW/ J 

— 0. 0017 

—0.0016 

-fo.  0002 

n  n 
+0.  0373 

—0.0037 

 0.0005 

—  0.  0005 

i'  i 

8-7  - 

8-  8 

9-  5 
9-  6 

9-  7 

//  // 
l-o.oou 
0.0000 

-fo.  0001 
— 0. 0025 
-f  0.0008 

//  // 
— 0.0010 
+0. 0007 

+0. 0038 
— 0. 0007 
— 0.0015 

8-3 
8-  4 
8-  5 
8-  6 

-f  0.0008 
—0. 00S7 
— 0. 0050 
—0. 0032 

-I-O.OOO9 
—0.0033 
-f  0.  0067 

— 0. 0029 

10—  4 
lo-  5 
lo—  6 
10—  7 
10-  8 

-fo.ooia 
-f  0. 0361 
— 0. 0008 
-fo.  0002 
-fo.  0007 

-f  0. 0027 
+0. 0631. 
-f  0. 0029 
— 0.0010 
+0. 0003 

At  intervals  of  500  years  have  been  computed  the  following  quantities : 


Date. 

Csinio-f  ;'C  — (5fi 
sin'*  i 

—  B  tan  - 
2 

I 

9o— a— 7 

n 

// 

0 

/  // 

0      /  // 

850 

-5.2875 

—1.7083 

I 

22     I. 106 

102   42  45.06 

1350 

—2.  6210 

— 0.  8381 

I 

20  21.264 

100   49   23. 15 

1850 

0.0000 

0.0000 

I 

i8   42. 100 

98   56  19.79 

2350 

-f  2.  5717 

-fo.  8060 

I 

17  3.627 

97     3  34.81 

2850 

+5.0899 

+1.5800 

I 

IS  25.862 

95    u     8. 78 

Thence  the  reduction  to  the  ecliptic  and  mean  equinox  is 

A  —  Z  =  +      27.029  sin  {pX  +  342°  7'  20")  +  o",oo2  sin  (4!  +  324**) 
+  [5026.4708    +  o'',42n     sin  {2I  +  104**  37'.9)]T 
+  [     1.10576  +  o'^oo35^   sin  (2?+ 223^  9'  )]T' 
+  [     0.000169  +  o'\oooo2o  sin  (2?  +  340®  jj'P 
—       0.00004881*  —  o".oooooo23T* 

We  have  here,  then,  A=  5o''.2647o8j  and  for  5R  the  sum  of  the  inequalities  of  the 
reduction 

I 

dR=    ^—2*^  "  tan  %  cos    —  ^0  +  . 
+  o".42nT  sin  {pi  +  104*  37/9) 
+  [i".io576  +  0^00351  sin  {pi  +  223°  9')]T* 
+  [o".oooi69  +  o",oooo2o  sin  {2I  +  340®  )]T3 
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From  eight  computed  special  values  it  is  found  that 

=  1.002333  —  0.094641  cos  I  —  0.019961  sm  I 
+  0,002958  cos  2I  +  0.001332  sin  2I 
—  0.000081  cos  3?  —  0.000060  sin  3I 

Also,  in  like  manner  we  get,  when  is  limited  to  the  three  latter  lines  of  the  expres- 
sion above, 


ndz 


[ 


+  [ 


+  [ 


+  0.0019 

0.0379 

sin 

nz  —  0.0477 

cos 

nz 

0.2606 

sin 

2nz  +  0.3283 

cos 

2nz 

0.0126 

sin 

^nz  +  0.0158 

cos 

^nz 

0.0006 

sin 

/^nz  +  0.0007 

cos 

/^nz]ll 

+  1.11086 

0.00016 

sin 

nz  —  0.10630 

cos 

nz 

0.00134 

sin 

2nz  —  0.00482 

cos 

2nz 

0.00004 

sin 

^nz  —  0.00020 

COS 

^nz]l^ 

+  0.000169 

0.000003  sin 

nz  —  0.000016  cos 

nz 

0.000020  sin 

2nz  +  0.000001  cos 

2nz 

0.000001 

siu 

^nz     0.000000  cos 

inz]T^ 

In  this,  for  ought  to  be  substituted  g  +  ndz.  But  we  may  take  for  ndz  its  eleven 
largest  terms  and  neglect  its  square.  When  this  is  done,  and  we  also  obtain  the  terms 
which  arise  from  the  first  line  of  the  value  of  5R,  we  have  the  following  complete 
expression  for  J(nSz): 


o 


o—  I 

O—  2 

o-  3 

0 —  4 

1+  2 

1+  I 
I  o 

1 —  I 

I—  2 

I-  3 


+0. 0008—.  0379T— .  00037T2+ .  ooooo4T» 
-f .  2606T+.  001 1  iT«— .  000002T3 
+.  0126T— .  O00O7T*  .  ooooooTs 
+.  0006T   .  OOOOOT3 

— o.  0002 

-fo.  0032 — .  000 1 T 

-fo.  0009  -f.  00002T« 

— o.  0029 

— O.  0007  — .  OO0O2T« 

— o.  0005+.0001T 


+. OOI9TH-I.  I I086T3+. 000187T3 
0.0000 — .0477T —  .  io632T» — . 000012T' 
+.  3283T—  .oo46iT«— .ooooi6T» 

+  .OI58T       .  OOOOOT^— .  000002T3 

-}-.ooo7T-f  .ooooiT* 

-fo.  0012 

-fo.  0053— .oooiT 

— o, 0025  . oooooT* 

— o. 0078 

-f  o.  00 1 3   '  .  oooooT^ 

+0, 0029—.  000 1 T 
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Bin. 

C08. 

X 

t 

//          ti  /* 

// 

//  // 

2+ 

I 

-j-o.  0039—.  0002T 

— 0.600I+.0002T 

2 

0 

—0. 0051—.  oooiT   .  oooooT* 

+0.  oo49-(-.  0004T— .  000031* 

2— 

I 

—0.  0061                  — .  00002T« 

— 0. 0007 

— .  oooosT» 

2— 

2 

-(-0.0051  ,oooooT» 

— 0. 0055 

+.00003T9 

2— 

3 

-f  0.  0024—,  OOO2T+.  00002T* 

+0. 0010 — .  O002T-I-.  oooo5T« 

2— 

4 

— 0. 0006 — .  0003T 

0. 0000 — .  0002T 

3 

0 

— 0. 0001    .  ooooT 

+0.0019 — •  0002T 

3— 

I 

—0.  0095                 + .  00002T« 

— 0.0067 

-l-.ooooiT« 

3- 

2 

-^.0003 

—0. 0025 

3- 

3 

-i-o.  oioi            — .  00002'P 

+O.OOS7 

— .ooooiT* 

3— 

4 

+0. 0002+ .  0002T 

-f  0. 0006 

.ooooT 

4— 

I 

— 0. 0016 

— 0.0004 

4— 

2 

— 0.0012 

+0. 0025 

4 — 

3 

-f-o.ooi6 

+0. 0002 

4— 

4 

^^0.  0010 

— 0. 0027 

5+ 

I 

— .  oooiT 

.ooooT 

5 

0 

—0.  0020—.  OO24T+.  00002T» 

— 0. 0009 — .  0007T+.  oooo7T« 

5- 

I 

— 0.O00I+.  O002T4-.O0027T« 

+0. 0022— 

-.  0003T — .oooi3T« 

5- 

2 

-|-o.  0004               .  oooooT« 

—0. 0399 

-j-.oooo4T» 

5- 

3 

—0. 0007            — .  ooo28T« 

— 0. 0042 

-f.O00I2T« 

5- 

4 

-(-0. 0058-I-.  0012T— .  OOOI2T« 

-fo.  0406— 

-.0021T— .  oooogT^ 

5- 

5 

-|-o.  0008-I-.  0003T+.  ooooiT« 

+0.  O02O-(-.  OOOlT — .  OOOOlT^ 

The  terms  of  this  expression  not  multiplied  by  T  or  its  powers  represent  nearly 
the  periodic  perturbations  of  the  reduction  of  the  longitude  to  the  ecliptic. 

The  correction  which  must  be  applied  to  the  common  logarithm  of  ^,  on  account 

of  this  change  in  the  fundamental  argument,  is  determined  in  a  similar  way,  and  is  (in 
units  of  the  seventh  decimal) : 


COS. 

sin. 

i'  i 
0  0 

0 —  I 

0—  2 

0-  3 
0—  4 

0-  5 

— 0. 01  oT 

-(-0. 132T  0.  oooT«  0.  ooooT* 
-|-o.  026T   0.  oooT« 

— 0.  I31T  O.O00T9 

--0.016T 
— o.ooiT 

—0. 1 66T-I- 1 . 098T«— 0.  ooo2T» 
— 0, 032T+0. 027T» 
+0. 16ST+0. 070T* 
+0. 020T 
-fo.  002T 

5-  I 
S-  3 
5-  5 

0. 00            —0.  oo3T« 
0. 00  — 6. 003T9 
0.00 

-j-o.  02—0. 00 1 T 
—0.04 — 0.  ooiT 
-|-o.  02 
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The  correction  to  be  applied  to  sin       on  the  same  account,  is 

-    ^^^^  ^^(t^^)  =     [    0.0044T  -  0.02504T2  +  0.000075T3]  Sin  I 
+  [    0.0019T  +  o.oo395T^  —  0.000179T3]  cos  I 
+  [—  0.0048T  +  0.00002T2]  sin  il 
+  [—  0.0005T  —  0.00003T2]  cos  3^ 

Application  of  the  Formulce  to  Saturn. 
Proceeding  in  exactly  the  same  way  as  for  Jupiter  it  is  found  that 

((lo\^(l  cost'  „^ 
U J  T^^'^  0.9986723  +  O.OOOO228T 

+  [  o«o559889  +  0.0000014T]  cos  g* 
+  [  0.0000280  —  0.000001 2T]  sin  g' 
+  [  0.0028014  —  0.0000241T]  cos  zg' 
+  [—  0.0003273  +  0.0000386T]  sin  2g* 
+  [  0.0001506  —  0.0000006T]  cos  3^' 
+  [—  0.0000465  +  0.0000016T]  sin  3^' 
+  [  0.0000081  —  0.0000002T]  cos  4^' 
+  [—  0.0000049  +  0.0000003T]  sin  4^' 

In  this  expression  g'  ought  to  be  replaced  by  g'  +  n'Sz*',  it  is  sufficient  to  take  for  n*d^ 
the  three  terms  having  the  arguments  2g*  —  g^  4/—  2^,  and  5^—  2g.  The  additional 
terms,  which  should  be  joined  to  the  expression,  are 

+  0.0000572  cos  (  g*^  g) 

—  0.0000572  cos  (3f7'—  g) 

—  0.0000117  cos  (3f7'—  2g)  —  0.0000921  sin  (3^7'—  2g) 
+  0.0001482  cos  {49'—  2g)  —  0.0003652  sin  (4^'—  2g) 
+  0.00001 17  cos  (S9*~  29)  +  0.0000921  sin  (5^7'—  2g) 

—  0.0001482  cos  {6g*—  2g)+  0.0003652  sin  (6^'—  2g) 

In  a  similar  way  have  been  obtained  the  two  expressions 

sin/  =  0.0000003  —  0.0005529T 

I-  [0.9980325  +  0.0000145T]  sin  [0.0000051  —  0.0000386T]  cos  ^ 
+  [0.0279551  —  0.0003436T]  sin  2/7'+  [0.0000014  —  0.0005547T]  cos  2g' 
+  [0.001 1714  —  0.0000241T]  sin  3/;'+  [0.0000051  —  0.0000387T]  cos  3^' 
+  [0.0000583  —  0.0000016T]  sin  4f7'+  [0.0000017  —  0.0000026T]  cos  4g' 
+  0.0000032  sin  5^'  —  o.ooooooiT  cos  5/ 
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cos /'  =  —  0.0840851  +  0.0003454T 

+  [    0.0000051  +  0.0000233T]  sin        [0.9988249  +  0.000024 iT]  cos 
+  [—  0.0000014  +  0.0005448T]  sin  2^'+ [0,0279697  —  0.0003438T]  cos  zg* 
+  [—  0,0000051  +  0.0000388T]  sin  3^'+  [0.0011718  —  0.0000241T]  cos  3^' 
+  [    0,000001 1  H-  0,000002 6T]  sin  4^7'+  [010000583  —  0.00000 16T]  cos  4^' 
+  o,ooooooiT  sin  $g'+  0,0000032  cos  5^' 

J0*  is  obtained  from  its  equation,  put  in  the  form 

a  r«o'^  ^'  "I 

Aft'  =  =  sec,  /?o'        cos  ^^     —       sin  /  -       cos  f  \ 

It  is  found  that 

A  =  +  23.8966T  —  0,21464X2 
B  =  +  33.4890T  +  0.16184T2 

Since/'==Z'— 900  6'  46^.22  we  have,  as  far  as  these  terms  are  concerned,  joining  to 
them  the  terms  of  the  third  order,  obtained  in  Chapter  XXV^ 

//  //  // 

cos  i'  sin  6'=     [    33.4419T  +  0,16226X2  —  0.000858a?]  sin  V 

+  [—  23,96251  +  0,214321?  +  0.000641T3]  cos  V 

The  remaining  portion  of  sin       due  to  the  motion  of  the  ecliptic,  is 

//  //  // 

sin  /?o'  =    [46,75261  —  0.05662T2  —  0.000506T3]  sin  V 

+  [  S*2524T  +  0,19509X2  —  o.ooo24oT^]  cos  V 


For  the  same  reason,  as  in  the  case  of  Jupiter,  we  do  not  add  these  two  portions. 
The  following  expression  is  obtained  for  ^yS' : 


Arg— t'i)f'+t^ 

J/J' 

sin. 

COS. 

sin. 

COS. 

i'  i 

//  // 

//  // 

i'  i 

tf  tt 

//  // 

0  0 

— 0.3294 — 0. 0109T 

3-  I 

— 0.  7177+0.  0002T 

—0. 0636 — 0. 0018T 

2  0 

+0.  0604—0.  0012T 

— 0. 1948 — 0.00I5T 

4-  I 

+0. 0309 — 0.  oooiT 

— 0. 0483+0. 0002T 

3  0 

— 0. 0002—0. 0003T 

— 0. 0 1 86-1-0. 000 1 T 

5-  I 

+0. 0245+0. 0002T 

— 0. 0288+0.  oooiT 

4  0 

4-0. 0034 

+0. 0043 

6-  I 

+0.  001 1 

— 0. 0004 

5  0 

+0. 0020 

— 0.001 1 

+0,  0002 

— 0.0012 

—2—  2 

—3—  I 

— 0. 0023 

— 0. 0013 

— I —  2 

+0. 0004 — 0. 0002T 

+0. 0024 — 0. 000  iT 

—2 —  I 

+0. 0029 

+0.0015 

0—  2 

— 0. 0019—0. 0002T 

+0. 0630 — 0. 0003T 

—  I —  I 

+0.  0206+0. 0013T 

+o.oi6i— 0.  ooisT 

I—  2 

+0.  2524+0. 0014T 

+0. 0533—0. 002ST 

0—  I 

— 0.  7897 -fo.  0207T 

+  1.6202+0. 0131T 

2—  2 

+0.  085 1    0.  ooooT 

— 0. 0729+0. 0008T 

I —  I 

—0.  7224 — 0.  0132T 

—0. 428 1  +0. 0040T 

3-  2 

— 0. 1903 — 0.00S2T 

— 0. 1002— 0.0016T 

2 —  I 

—2.0366+0. 0316T 

—2. 0693 — 0. 0364T 

4—  2 

+  1.0807+0.  006  iT 

—8.  6028+0. 0143T 
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sin 

COS* 

sin. 

COS. 

i'  i 

//  // 

//  // 

i 

//  // 

//  // 

S-  2 

— 0. 1334-j-o.  0048T 

+0. 3444—0. 0028T 

1+ 

2 

— 0.0001 

— 0. 0005 

6-  2 

-f  0.  2366—0.  000 1 T 

+0. 0733— 0.0075T 

— 0.0038 

— 0.  0202 

7-  2 

+0.  oioi — 0. 0003T 

-f  0, 0033 — 0. 0008T 

Q 

— 0. 0657 

-O.0SS7 

8-  2 

-j-o.  0004 — 0. 0005T 

-f-0. 0001 -fo.  0009T 

I 

+0. 0381 

+0. 0078 

+0. 0183 

— 0. 0334 

-I-  3 

-i-0. 0007 

— 0. 0001 

I  — 

3 

+0. 001 1 

— 0. 0015 

3 

— 0. 0010 

+0. 0023 

I-  3 

+0. 0008—0. 0003T 

-f  0. 0072 — 0. 0002T 

2+ 

I 

— 0. 0028 

+0.0008 

2—  3 

-f  0. 0003—0. 0002T 

+0. 0868   0.  ooooT 

2 

0 

—0. 0384 

+0.0196 

3-  3 

-f  0. 0247 — 0. 0002T 

-fo.  0329+0.  oooiT 

2  

1 

+0. 0615 

— C.  lOIO 

4-  3 

— 0. 0728+0.  oooiT 

— 0. 0259  0.  ooooT 

2 

2 

+0.0044 

— 0. 0330 

5-  3 

— 0. 1169  o.ooooT 

+0. 0080—0. 0003T 

2  

6 

+0. 0085 

+0.0003 

6-  3 

—0. 0877—0.  oooiT 

+0. 0395   0.  ooooT 

—0.0018 

7-  3 

-f-o.  0245   0.  ooooT 

— 0.0418  O.ooooT 

3+ 

I 

+0.0008 

8-  3 

—0. 0007   0.  ooooT 

— 0.0017+0.  oooiT 

3 

0 

+0. 01 14 

— 0. 0328 

9-  3 

— 0. 0005 

— 0. 0005 

3- 

I 

—0. 0368 

— 0. 0326 

3— 

2 

+0. 6067 

+0.  2214 

2—  4 

— 0. 0021 

+0. 0018 

1 
J 

+0.0378 

+0.01 16 

3 —  4 

 0  0118    0  ooooT 

3— 

4 

-f  0. 0014 

4  4 

^0.  0129-j-O.OOOlT 

+0.0132+0.  oooiT* 

S—  4 

— 0.  ooio+o.  oooiT 

^-0.0142    0.  OOOOi 

4— 

I 

— 0. 0043 

— 0. 0023 

6-4 

—0.0051—0.  oooiT 

—0. 01 17+0.  oooiT 

4 — 

2 

+0. 0264 

— 0. 0051 

7—  4 

— 0. 0071— o.oooiT 

— 0. 0084—0.  oooiT 

4— 

3 

+0. 0050 

— 0. 0242 

8—  4 

— 0. 0020 — 0. 000 1 T 

-j-O.  0003—^.  0002  i 

4— 

4 

+0. 0007 

— 0.0004 

9—  4 

—0. 0825—0. 0004T 

+0.0272 — o.ooiiT 

5- 

I 

— 0. 001 1 

+0. 0003 

10—  4 

+0. 0086  0.  ooooT 

— 0.0030+0.  oooiT 

s— 

2 

-j-o.  0027 

— 0. 0014 

II—  4 

+0. 0001 — 0.  oooiT 

—0.0019+0.  oooiT 

5- 

3 

— 0. 0097 

— 0.  0207 

3—  5 

— 0. 0013 

— 0. 0002 

s- 

4 

"f  0.  0046 

^— 0.  0016 

4—  S 

— 0. 0057 

— 0.0121 

— 0. 0007 

6— 

2 

— 0. 0009 

5—  S 

—0.0073 

— 0. 0049 

6— 

3 

+0.01 13 

+0. 0071 

6-  S 

+0. 0035 

— 0. 0007 

6— 

4 

+0. 0032 

— 0. 0016 

7-  S 

-f  0. 0021 

— 0.0020 

+0. 0005 

+0.0013  ' 

8-S 

6— 

5 

+0. 0013 

—0. 0020 

9-  5 

+0. 0001 

—0.0034 

7- 

3 

+0. 0006 

0.0000 

lo—  5 

— 0.0009 

— 0. 0021 

7- 

4 

+0. 0005 

— 0.0015 

II-  5 

— 0. 0016 

—0.0013 

7- 

5 

+0. 0007 

+0. 0007 

— 0.0006 

7- 

6 

— 0. 0005 

+0.  0003 

4—  6 

—0.0004 

5-  6 

-f-o.  0043 

— 0. 00^^ 

6-  6 

-fo.  0015 

— 0.0038 

7-  6 

+0. 0006 

+0.0012 

8-  6 

+0. 0008 

+0. 0003 

9-  6 

-fo.  0007 

+0.0001 

lo—  6 

-)-O.OOI2 

— 0. 0002 

6-  7 

-(-0.0019 

+0.0015 

7-  7 

-f-0. 0019 

+0. 0003 
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At  intervals  of  500  years  have  been  computed  the  following  quantities : 
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Date. 

Csin  *o'  +  rS— ^« 
8iu2  i' 

i' 

—  B  tan  - 
2 

I' 

// 

// 

0      /  /' 

850 

—9. 2472 

+8.  8607 

2    3«  47.88 

117    30  7.86 

1350 

-4.5577 

+4-3939 

2    30  45.37 

114    56     2.  II 

1850 

O.OOCX) 

0.0000 

2    29   40. 19 

112    20  49.05 

2350 

-I-4. 4200 

— 4.3113 

2    28  32.51 

109   44    23. 86 

2850 

+8.6959 

-S.  5306 

2    27    22. 41 

107     6  42.41 

Thence  the  reduction  to  the  ecliptic  and  mean  equinox  is 

A'  -    =  +        97-774  sin  {2V  +  315  18   22)  +  0,023     sin  (4?'  +  270  37) 

+  f    5025.8141      +  1. 7921      gin  {2V  +   54  33.2    )  +  o.ooo;8  sin  (4^'  +     7  )]T 
+  [        1.10629    +  0.01737    sin  {2V  +  148  u      )  -f  0.00002  sin  {4V  +  90 
+  [        0.000179  +  0.000115  sin  {2V  +  239  38  )]T^ 
+  f  —     0.0000488  +  0.0000005  sin  {2I'  +  338  )]T* 
—  0.00000023T* 

We  have,  then,  h  =  50^.258141,  and  for  ^R'  the  sum  of  the  inequalities  of  the  reduction 

6W  =    r'  -  -5'^,  -  tan  t'  cos  {V  -     +  a') .  J/?' 

+  [i".792i  sin  {2V  +  54*"  33^.2)  +  o".ooo8  sin  {4I0  +  70)]T 

+  [i".io629  +  0^.01737  sin  {2V  +  148°  11')  +  0^00002  sin  {4V  +  9oo)]T* 

+  [0^.000179  +  o".oooii5  sin  {2V  +  239**  38')]T2 

By  the  method  of  computing  special  values,  when  ^R'  is  limited  to  the  three 
latter  lines  of  the  expression  above,  we  get 


—  0.0123 

+  0'i737     sin  n^z'  +  0.2462  cos  n'^ 

—  1.027 1     sin  2n^z^  —  1.4547  cos  2n^z* 

—  ^'^S7S     sin  371'^;'  —  0.0815  <^os  3n's' 

—  0-0035    sin  4n';2f'  —  0.0048  cos  4?i'2/]T 

—  0.00256  sin  —  0.12278  cos  n^z^ 
+  0.01543  sin  2nV  —  0.01008  cos  2n^z^ 

+  0,00082  sin  3^'^;'  —  0.00052  cos  :^n^z^]T'- 

+  [  0.000179 

—  0.000006  sin  n-V  —  0.000038  cos  n^z' 
+  0.000056  sin  2n^z'  +  0.000102  cos  2n'z' 

0.000000  sin  ^n'z'  +  0.000005  cos  ;^n'z^]T^ 
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In  this  expression  for  ought  to  be  substituted  /  +n'<jy.  For  it  will  be  suf- 
ficient to  take  its  more  important  terms,  and  its  square  can  be  neglected.  When  this 
is  done,  and  we  also  obtain  the  terms  which  arise  from  the  first  line  of  the  value  of  SR\ 
we  have  the  following  complete  expression  for  ^(n'Se'): 


'6z') 

Arg=i'flf'-j-i5f 

sin. 

COS. 

i'  i 

//           //  // 

// 

n 

n 

It 

// 

o  o 

— C 

).  OI23T+I.  II325T2+O.OOOI47T3 

I  o 

-f  o»  1739T— 0. 00499T8— 0. 000006T3 

+0.  2461T— 

.  12232T2— 

.  000064T' 

2  O 

— 1.0272T+  .01597T2— 

.  ooooiiTs 

-I.4S47T- 

.01217T8+ 

.  OOOI46T3 

7  o 

+o.ocx)3—  .0575T—  .00005T3— 

.000023T* 

+0. 0043— 

.o8i5T+ 

.00151T2— 

.oooooeT^ 

4  o 

+o.ocx)2—  ,oo35T—  .cxx)07T3 

+0. 0004 — 

.  004ST+ 

.00017T8 

5  o 

— 0.  OCXJI 

— 0.0001 

— 2—  I 

— 0.  ocx)3 

— 0. 0005 

—  I—  I 

-f-o.  0295 —  .  ocx)4T 

— 0. 0262 — 

.0009T 

O —  I 

4-0.0142+  .0024T —  .00003T* 

+0. 0220 — 

.  0029T— 

.00002T3 

I —  I 

-f-o.  0235—  .oooST-j-  .ooooiT* 

+0.0175+ 

.oooiT— 

.OOOI3T8 

2—  I 

+0.0229+  .0004T 

+0. 0005 — 

.0002T 

3—  I 

+0.0541 —  .0007T  .oooooP* 

+0.0255+  .0012T+  .00013T8 

4—  I 

+0.0144+  .0020T —  .00003T* 

— 0. 0044+ 

.0031T+ 

.00002T2 

C   I 

— 0.0001+  .0002T 

+0.0012+ 

.0002T 

6—  I 

— 0. 0003 

+0. 0009 

—  I—  2 

+0. 0005 

— 0.0013 

■ 

O —  2 

— 0.0047 

— 0. 0029 

I—  2 

— 0.0017+  .0004T 

— 0. 0003+ 

.0003T 

2 —  2 

— 0.0030+  .0063T+  .00004T* 

+0.0043+  .0043T— 

.00005T8 

3—  2 

— 0.0949+  .0266T+  .00025T* 

+0. 1671+ 

.  0059T— 

.00024T3 

4—  2 

+0.0154—  .0020T+  .000S1T2 

— 0. 0444 — 

.0002T — 

.  00032T* 

S-  2 

+0.0432—  .OOI6T—  .00020T« 

+0. 1792— 

.0002T— 

.00002T3 

6   2 

+0.0010 —  .004IT —  .00982T3 

— 0. 0079+ 

.0009T+ 

.0003IT8 

7—  2 

—0.0054—  .OI36T—  .00022T» 

+0. 0005+ 

.0216T— 

.OOOI5T3 

8—  2 

— 0.0002—  .ooiiT 

0. 0000+ 

.0018T 

o—  3 

+0.0001 

— 0.0001 

I-  3 

+0. 0007 

—0.0017 

2-  3 

— 0.0003 

— 0.0006 

3—  3 

+0. 0007 

— 0. 0005 

4—  3 

+0.0014 

+0. 0002 

S-  3 

+0. 0033 

— 0. 0002 

6-  3 

+0,0011 

— 0.0004 

7-  3 

+0. 0016 

— 0.0017 

8-3 

— 0. 0002 

+0. 0010 

2—  4 

+0. 0007 

+0. 0002 

3-  4 

+0.0003 

—0. 0002 

4—  4 

+0.0003 

0.0000 

5-  4 

+0. 0002 

— 0. 0003 
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i'  t 

6-  4 

7—  4 

8-  4 

9—  4 

10 —  4 

11—  4 

3-  5 

4-  5 

5-  5 

6-  5 


sin. 


-|-o.  oooi 

-|-0.  0002 
+0.002I 

— o.  ooo6 
+0.0015 
— o.  0002 

0.0000 
+0.0001 
+0.0002 
+0.0001 


COS. 


~+b.aoo6 
+0. 0002 
+0. 0003 

+0.  OOOI 

— o.  0012 
+0. 0002 

+0. 0002 
+0.0001 
+0.0002 
+0.0001 


•  •  •  T 

The  reduction  which  must  be  applied  to  the  common  logarithm  of  ^,  on  account 

of  this  change  in  the  fundamental  argument,  is  determined  in  a  similar  way,  and  is  (in 
units  of  the  seventh  decimal): 


^(com.logrO^ 

dz          ^  ^ 

COS. 

Bin. 

iv  i 

0  0 

1  0 

2  0 

3  0 

4  0 

—0. 05T+0.  ooiT5>+o.  0008T3 
+0. 60T— 0.  oogT'   0.  ooooT^ 
+0. 13T— 0. 002T2+0. 0008T3 
—0. 59T+0. 009T3   0.  OOOOT3 
— 0. 08T 

—0. 85T— 1.  31  iT2— 0. 0002T3 
—0. 19T— 0. 037T2+0.0005T3 
+0. 84T+0. 004T2— 0.  oooiTs 
+0. 12T 

I—  1 
3—  I 

o.oooT« 
o.oooT« 

+0.  ooiT« 
+O.OOIT* 

2-  2 

3-  2 

4-  2 

5-  2 

6-  2 

+0.1 

+0. 002T2 
—0. 1           +0.  oo8T« 

+0.  002T* 

0. 0           +0.  oo8T2 

+0.1 

0.000T2 
0. 0           +0. 003T2 
o.oooT* 

—0. 1           +0. 003 T« 
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The  correction  to  the  latitude  on  the  same  account  can  be  divided  into  two  por- 
tions; the  first,  which  is  periodic  and  dependent  on  the  position  of  Jupiter,  can  be  added 
to  ^ft' ;  the  second,  which  is  a  function  of  Z',  can  be  applied  to  sin  ft^.  The  first  por- 
tion is 


Arg=i'^'+iflF 

sin. 

COS. 

sin. 

COS. 

r  » 

it 

// 

i'  i 

// 

// 

2  O 

o.  oooo 

— 0.0001 

5-  I 

— 0. 0003 

+0. 0002 

4  o 

O.OCXX) 

— 0.0001 

+0. 0002 

I—  2 

0.0000 

— 2 —  I 

—0.0008 

+0,0003 

2—  2 

+0. 0033 

— 0. 0026 

— 0.0001 

— 0. 0005 

3—  2 

— 0. 0006 

+0. 0007 

O —  I  . 

— 0. 0008 

+0.0001 

4—  2 

+0. 001 1 

— 0. 0082 

I—  I 

—0. 0010 

— 0. 0005 

5-  2 

0. 0000 

+0. 0012 

2—  I 

— 0.0015 

— 0.  0011 

6—  2 

— 0. 0023 

— 0. 0032 

3-  I 

— 0. 0008 

+0. 0002 

7-  2 

+0. 0001 

+0. 0002 

4—  1 

— 0.0013 

— 0.0001 

8-  2 

+0.0001 

0. 0000 

The  portion  to  be  added  to  the  expression  for  sin  yS©'  is 

//  //  // 

J(8in  y^o')  =    [    0.0380T  -  0.04441T2  -  0.000107T3]  sin  V 

+  [-  0.0088T  +  0.01870T2  -  0.0004281:3]  cos  V 

+  [-  0.0208T  —  0.00035T2]  sin  3?' 

+  [    0.0330T  —  o.ooo23T^]  cos 


CHAPTER  XXVIII. 

PRELIMINARY  COMPARISON  OF  THE  PRECEDING  THEORY  WITH  OBSERVATION  AND  DERIVATION 
OF  APPROXIMATE  CORRECTIONS  FOR  THE  ELEMENTS  EMPLOYED  IN  THE  CALCULATION  OF  THE 
PERTURBATIONS. 

If  the  elements  of  the  orbits  of  Jupiter  and  Saturn  which  have  been  employed  in 
the  preceding  investigation  were  sufficiently  approximate  the  expressions  arrived  at 
would  need  no  further  modification,  except  for  possible  changes  in  the  values  of  the 
planetary  masses.  But  as  this  is  almost  certainly  not  the  case,  we  proceed  to  obtain 
approximate  corrections  for  the  provisionally  adopted  elements  by  a  comparison  of 
the  preceding  theory  with  observation.  As  the  adopted  planes  of  the  orbits  represent 
quite  closely  the  observed  latitudes  of  the  planets,  we  need  seek  only  the  corrections 
of  the  four  elements  which  give  the  position  in  orbit.  Consequently  comparison  has 
been  made  only  with  normals  in  heliocentric  longitude  formed  about  the  time  of 
opposition.  The  thorough  investigation  of  the  values  of  the  attracting  masses  must  be 
deferred  until  the  whole  series  of  the  observations,  properly  reduced,  is  taken  in  hand. 
The  number  of  normals  used  here  is  very  small  on  account  of  the  great  labor  of  making 
comparisons  without  the  assistance  of  tables.  There  are  only  as  many  as  are  absolutely 
necessary  for  our  purpose. 

In  forming  the  normals,  Greenwich  observations,  taken  precisely  as  they  stand  in 
the  pubhshed  volumes,  without  the  application  of  any  corrections,  have  been  exclu- 
sively employed.  Before  1830  the  data  have  been  derived  from  the  Reduction  of  the 
Greenwich  Observations  of  the  Planets  from  1750  to  1830.  After  1830  the  tabular 
longitude  is  from  the  English  Nautical  Almanac.  Equal  weights  have  been  assigned 
to  all  the  observations,  and  afterwards,  in  the  discussion,  all  the  normals  have  received 
equal  weight. 

We  take  up  Saturn  first,  as  the  discussion  of  the  observations  of  this  planet  will 
give  us  some  information  as  to  the  mass  of  Uranus,  which  will  be  of  service  afterwards 
in  treating  Jupiter. 

The  normals  constructed  are  as  follows: 


Greenwich  M,  T. 

No.  of 
observa- 
tions. 

Tabular  longitude. 

Correction. 

Observed  heliocentric 
longitude. 

0     '  // 

// 

c     /  // 

I7S3,  Jtine  24.0 

S 

272  54  10.69 

-18.  36 

272  53  52. 33 

1 757,  Aug.  ii.o 

7 

318  47  10-89 

—17.82 

318  46  53.07 

i76i,Oct.  2.5 

7 

8   7  S8. 71 

+  0.30 

8   7  59.01 

1811,  June  15.0 

S 

263  22  22.66 

-  6.31 

263  22  16.35 

537 


538 


A  NEW  THEORY  OF  JUPITER  AND  SATURN. 


Greenwich  M.  T. 

No.  of 
observa- 
tions. 

Tabnlar  longitude. 

Correction. 

Observed  heliocentric 
longitude. 

0     /  /' 

// 

0     '  // 

1822,  Oct.  30.0 

6 

36  40  22.  56 

+13.86 

36  40  36. 42 

1837,  May  4.0 

10 

223  50  29.0 

—  1.74 

223  50  27.  26 

1844,  Jnly  26.0 

II 

303  57  52. 1 

+11.99 

303  58  4.09 

1851,  Oct  24.0 

12 

30  49  43-  9 

+  10. 48 

30  49  54.38 

1858,  Jan.  15.0 

13 

114  54  24.4 

—  9.29 

114  54  15.  II 

1866,  Apr.  29.0 

12 

219    I  5.2 

—  4.81 

219    I  0.39 

1874,  Aug.  3.0 

12 

310  57  53-6 

+  8.17 

31058  1.77 

1882,  Nov.  15.0 

9 

52  42  8.9 

—  7.35 

5242  1.55 

The  values  of  t  in  Julian  years,  and  counted  from  the  epoch  1850.0,  and  of  the  mean 
anomalies  of  Jupiter,  Saturn,  Uranus,  and  Neptune,  for  the  dates  of  these  normals,  are: 


t 

9 

9' 

9^' 

gUi 

0 

a 

0 

/ 

// 

0 

/ 

ft 

0 

— 96. 

5 1 747 

98 

47 

21.  27 

185 

9 

38. 35 

166 

35 

56 

80. 94 

—92. 

38604 

224 

10 

25.64 

235 

39 

4. 49 

184 

18 

6 

89, 96 

—88. 

24230 

349 

55 

56.  09 

286 

17 

32.68 

202 

3 

26 

99. 02 

-38. 

54620 

58 

9 

40.  65 

173 

38 

6. 13 

55 

0 

6 

207.59 

—27. 

17044 

43 

24 

18.  10 

312 

39 

35.40 

103 

44 

46 

232.  44 

—12. 

65982 

123 

47 

17.28 

129 

59 

45.30 

165 

55 

23 

264. 14 

-  5. 

43190 

343 

8 

55.59 

218 

19 

45.70 

196 

53 

39 

279.  93 

+  I. 

81246 

203 

0 

28.  66 

306 

51 

48. 83 

227 

56 

9 

295. 76 

8. 

04107 

32 

2 

25.  20 

22 

59 

3.27 

254 

37 

30 

309.37 

16. 

32580 

283 

28 

26.  97 

124 

n 

59.18 

290 

7 

28 

327.47 

24. 

58864 

174 

14 

35.72 

225 

12 

51.46 

325 

31 

48 

345.  52 

+32. 

87338 

65 

40 

37.49 

326 

27 

47.38 

I 

I 

47 

3.62 

By  substituting  these  values  in  the  several  portions  of  the  formula  obtained  for 
n*6z'  in  the  preceding  chapters,  we  get  the  following  quantities: 


Perturbations  of  by- 


Jupiter. 


-33  27.245 
-36  26.311 
-43  59-  803 
-34  54. 392 
-43  10.712 

-52  49.437 
-40  24.661 
-46  12,502 
-53  55.680 
-43  37- 181 
-22  31. 183 
-33  15.246 


Uranus. 


—56. 249 
— 42. 067 

—  7.428 
—45.461 
—42. 490 

—  2. 190 

—41.397 
— 10.  227 
+27. 624 

—  6.  234 
— 20. 115 
+  17.727 


Jupiter  X 
Uranus. 


+29.  860 
+28.493 
+26.  439 
+25.517 
+20.  603 
+22.  848 
+20.  990 
+  17.502 

+  17.479 
+  19.561 
+  17, 024 
+  13.680 


Neptnne. 


—0.730 
+  1.189 
+2.  278 
— o.  218 
—3.  207 
+2. 479 
+0.  556 
— o.  288 
-3.087 
+0. 346 

+0.954 
+0.618 


o 

184  35 
235  2 
285  33 
173  2 
3"  55 
129  7 

217  39 
306  5 
22  5 
123  30 
224  50 
325  55 


43-  99 
25.79 
54.17 
51.58 

59.59 
19.00 

1. 19 
43-32 
49.61 
35-67 
18.  14 

4.  16 


o  / 
184  6 

229  59 
279  16 
173  46 
306  55 
133  53 
213  56 
300  41 
24  40 
128  39 
220  31 
322  5 


52.44 
9.  61 
16.34 
28. 19 

35.95 
19.05 
8.  67 
23.  28 
47.77 
33-  20 
40.13 
59.  24 
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The  ridz'  must  be  understood  as  the  yi!8z'  before  the  modification  of  the  preceding 
chapter  is  applied.  In  order  to  have  the  heliocentric  longitude  referred  to  the  actual 
equinox  of  date  it  is  necessary  to  add  to/:  first,  tt',  precession,  nutation,  and  the  sec- 
ular part  of  the  reduction  to  the  ecliptic,  and,  second,  the  periodic  part  of  the  last 
Thus  we  have  the  following  quantities: 


Tt*  +  precession  -f- 
nutation. 

Periodic  re- 
duction. 

Calculated  longitude. 

o     /  // 

/  // 

0     '  '/ 

88  46   6. 19 

+0  59-31 

272  53  57-94 

88  49  12.36 

-I  19.83 

318  47   2. 14 

88  52  38,04 

—0  44-  30 

8   8  10.08 

89  34  26.  32 

+  1  22.38 

263  22  16.89 

89  44  12.09 

+0  47.  62 

36  40  35.66 

89  56   0.  II 

+  1  6.96 

223  50  26.  12 

90   2  30.79 

—0  38.  74 

303  58  0.72 

90   7  59.83 

+0  28.48 

30  49  5i'S9 

90  13  34. 10 

—0  8.48 

114  54  13.39 

90  20  28.  85 

+0  53.  28 

219  0  55.33 

90  27  14.62 

-0  58.  57 

310  57  56. 18 

90  34  30-  67 

+  1  24.68 

52  41  54.  59 

The  equations  of  condition  under  three  diflferent  suppositions  are 


Snpp.  I. 

Snpp.  II. 

Snpp.  III. 

o.896^L' 

—  0.8644(100^71') 

0.140^6^  + 

i.864e'J7r' 

S.6r 

7.36 

7-73 

0.934 

—  0.8626 

1.509 

+ 

1. 184 

9.07 

10.01 

10.18 

1.023 

—  0.9026 

1.989 

0.410 

11.07 

9.63 

944 

0.896 

-  0.3453 

+ 

0.211 

+ 

1.857 

0.54 

1.86 

1.89 

1-073 

—  0.2917 

1. 63 1 

1.312 

+ 

0.76 

0.98 

0.66 

0.928 

-0.1175 

+ 

1.418 

+ 

1. 281 

+ 

1. 14 

+ 

2.56 

+ 

2.98 

0.913 

—  0.0496 

1.094 

+ 

1.544 

+ 

3.37 

+ 

1.99 

+ 

2.18 

1.063 

+  0.0193 

1-750 

r.125 

+ 

2.79 

+ 

3.36 

+ 

3-96 

I.I  10 

+  0,0892 

+ 

0.859 

1.957 

+ 

1.72 

+ 

5.43 

+ 

6.46 

0.936 

+  0.1528 

+ 

I-S39 

+ 

1. 149 

+ 

5.06 

+ 

5.98 

+ 

6.47 

0.921 

+  0.2265 

1.276 

+ 

1.411  - 

+ 

5.59 

+ 

S.38 

+ 

S-H 

1.095 

+  0.3602 

1.260 

1.705 

+ 

6.96 

+ 

9.51 

+ 

9.48 

Supposition  I  is  obtained  by  subtracting  the  calculated  from  the  observed  longitudes. 
The  remaining  suppositions  will  be  explained  shortly.  The  normal  equations  resulting 
from  these  equations  are 

Snpp.  T.        Snpp.  II.      Supp.  III. 

//  //  // 

11.655JL' — 2.414(100  Jn')  —  ^^Z-TfiAe' 2.35oe'^7r' =  +  2.05  or  +  6.2501+  8.82 

—  2.414      +  2.739  +  3.043     —  3.064        =  +  27.08  or  +  30.32  or  +  30.59 

—  SZ^S  +  3.043  4-  21.554  +  3.830  =  +  21.55  or  +  27-09  or  +  27.82 
+  2.350      —  3.064             +  3.830     +  25.555        =  —  16.70  or  —  33.61  or  —  36.63 
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The  solution  of  these  equations  gives 

I.  ,11.  ra. 

//  //  // 

JL'  =  +  2.688    or  +  3.688    or  +  4.049 
An'  =  +  0.13188  or  +  0.13630  or  +  0.13662 
Aef  =  —  0.134    or  +  0.520    or  +  0.694 

A  7t' =  + o,*]  01     or  —  0.100    or  —  0.272 

The  residuals  (observation-calculation),  severally,  in  the  three  suppositions  are 


I. 

II. 

IIL 

ft 

// 

// 

i7S3i  J^iie  24.0 

+ 

2.05 

+  1.36 

+  i.oC 

1757,  Aug.  ii.o 

1.23 

-0.79 

—  Oc8i 

1761,  Oct.  2.5 

1.89 

—  O.II 

+  0.02 

1811,  June  15.0 

+ 

0-33 

-0.38 

-  0.44 

1822,  Oct.  30.0 

+ 

2.42 

—  0.24 

—  0.26 

1837,  May  4.0 

0.52 

+  0.12 

+  0.20 

1844,  July  26.0 

+ 

0-33 

+  0.0 1 

+  0.34 

1 85 1,  Oct.  24.0 

+ 

0.23 

—  0.03 

+  0.31 

1858,  Jan.  15.0 

—  0.52 

-  0.38 

1866,  Apr.  29.0 

0.06 

—  0.23 

—  0.17 

1874,  Aug.  3.0 

1.04 

—  0.31 

—  0.41 

1882,  Kov.  15.0 

+ 

0.28 

+  1.02 

+  0-53 

The  residuals  of  Supposition  I  are  not  altogether  satisfactory,  and,  on  comparing 
them  with  the  portions  of  the  perturbations  which  are  proportional  to  the  mass  of 
Uranus,  it  is  suggested  that  a  better  agreement  would  be  obtained  by  diminishing  this 
mass.    Hence,  I  concluded  to  put  the  value  at  ^^g^,  which  is  about  the  average  of 

all  the  results  which  have  been  obtained  from  the  observations  of  the  satellites  at  the 
Washington  Observatory.  This  has  given  rise  to  the  numbers  of  the  column  headed 
Supposition  IL  It  will  be  seen  that  the  residuals  of  (II)  are  fairly  satisfactory,  and  it 
does  not  seem  worth  while,  in  this  preliminary  investigation,  to  inquire  whether  we 
should  do  better  with  another  value  of  the  mass  of  Uranus. 

The  pertubations  being  now  corrected  for  the  changes  in  the  elements  shown  by 
(II),  and  for  the  similar  ones  to  be  given  hereafter  for  Jupiter,  the  resulting  numbers 
appear  under  Supposition  III,  to  which  we  hold  as  being  the  best  which  can  be  done 
at  present.    The  residuals  of  (HI)  are  to  some  extent  better  than  those  of  (II). 
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We  now  pass  to  Jupiter.    The  normals  are  formed  as  follows : 


GrTeenwicn  M.  T, 

No.  of 
observa- 
tions. 

Tabular  longitude. 

Correction. 

Heliocentric  longitude 
from  observation. 

0 

/ 

// 

// 

0 

/ 

It 

1757,  May  3-5 

7 

44 

+  6.59 

223 

AA. 

1759,  July  9-5 

8 

287 

33 

42. 20 

-f-io.  70 

287 

33 

52.90 

1819,  Aug.  5-5 

12 

312 

16 

54.91 

+  0.78 

312 

17 

1.69 

1855,  Aug.  22.0 

16 

327 

44 

57.70 

327 

44 

52.  24 

1858,  Dec  16.0 

9 

77 

II 

8.  30 

+  5.87 

77 

II 

14.17 

1861,  Feb.  i6.o 

II 

142 

29 

48. 10 

+  8.31 

142 

29 

56.41 

1864,  May  16.0 

9 

232 

58 

30.  70 

+  17.35 

232 

58 

48.05 

1867,  Aug,  23.0 

6 

332 

18 

32.80 

+  0.77 

332 

18 

33-57 

1870,  Dec.  19-0 

6 

81 

S3 

54.  70 

+  7.63 

81 

54 

2.33 

1874,  Mar.  18.0 

12 

176 

56 

16.60 

+  7.27 

176 

56 

23.87 

1877,  June  19-0 

II 

268 

41 

48.00 

-fiS.26 

268 

42 

3. 26 

1878,  July  20.0 

7 

301 

49 

21. 10 

—  0. 17 

301 

49 

20. 93 

1880,  Oct.  7-0 

12 

14 

30 

48.  20 

+  0.18 

14 

30 

48.38 

The  values  of  t  in  Julian  years,  counted  from  1850.0,  and  of  the  mean  anomalies 
of  Jupiter,  Saturn,  Uranus,  and  Neptune  for  the  dates  of  these  normals,  are: 


t 

9 

9' 

9" 

9'" 

0 

// 

0 

It 

0 

It 

0 

-92. 65847 

215 

54 

33-83 

232 

19 

19.  25 

183 

8 

4 

89.37 

—90.47637 

2S2 

7 

58.  96 

258 

59 

21.65 

192 

29 

5 

94. 14 

—30. 40520 

305 

14 

9.  63 

273 

7 

38.17 

89 

53 

7 

225.37 

+  5.63997 

319 

10 

21.  25 

353 

38 

24. 50 

244 

20 

II 

304. 12 

8.95825 

59 

52 

44.57 

34 

II 

35.59 

258 

33 

18 

311.37 

II. 12936 

125 

46 

13*  19 

60 

43 

36.17 

267 

51 

29 

316.  II 

14'  37372 

224 

14 

0.04 

100 

22 

34. 98 

281 

45 

35 

323.  20 

17.64271 

323 

26 

39.05 

140 

19 

37.89 

295 

46 

2 

330.34 

20. 96646 

64 

19 

0.  62 

180 

56 

49. 90 

310 

0 

33 

337.61 

24. 210S2 

162 

46 

47.47 

220 

35 

48.71 

323 

54 

40 

344. 69 

27.46612 

261 

34 

30.  84 

260 

22 

49.35 

337 

51 

35 

351.81 

28.55031 

294 

28 

45.59 

273 

37 

49.41 

342 

30 

20 

354. 17 

+30. 76796 

46 

59. 39 

300 

43 

57.72 

352 

0 

29 

359.02 
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By  substituting  these  values  in  the  several  portions  of  the  formula  obtained  for 
ndz  in  the  preceding  chapters,  multiplying  the  part  due  to  the  action  of  Uranus  by 
the  factor  —g^?  we  get  the  following  quantities: 


Perturbation  of  nz  by— 


Saturn. 

Uranus. 

Saturn  X 
Uranus. 

Neptune. 

nz 

/ 

/  n 

// 

// 

// 

0 

/ 

/' 

0 

/ 

// 

+  i8  36.578 

—0. 140 

—8, 244 

— 0.  389 

216 

13 

1.63 

213 

6 

14.  83 

14     0. 876 

+0.  205 

8.  205 

— 0. 104 

282 

21 

51.73 

276 

54 

7.47 

12  31.844 

— 0. 164 

6.581 

— 0. 031 

305 

26 

34. 70 

300 

46 

53.00 

19    50. 624 

+0.518 

5.380 

+0.057 

319 

30 

7.07 

315 

44 

32.43 

18  3.316 

-f  0.047 

4. 846 

— 0.060 

60 

10 

43-  03 

65 

7 

0.  23 

19  59.079 

— 0. 164 

5. 161 

—0. 184 

126 

6 

6.  76 

130 

24 

39.61 

19  8.804 

+0. 052 

5.609 

+0. 172 

224 

33 

3-46 

220 

50 

7.  H 

8  15.384 

+  1-595 

4. 957 

— 0.  029 

323 

34 

51.04 

320 

8 

1.98 

14  13.009 

— 0. 098 

4. 496 

— 0.  004 

64 

33 

9-  03 

69 

40 

12.  63 

22   54. 849 

-^.133 

5.074 

—0.091 

163 

9 

37.02 

164 

40 

26.55 

13  19.365 

-1. 185 

5.089 

+0.  239 

261 

47 

44.17 

256 

22 

43. 46 

9   33-  806 

—0.584 

4. 830 

+0. 148 

294 

38 

14.13 

289 

29 

23.34 

+  9    27. 323 

+1.446 

—4.  256 

—0. 094 

I 

56 

23.81 

2 

8 

20. 61 

•^PP^y^^g  f  longitude  of  the  perihelion,  precession,  nutation,  and  the  re 
duction  to  the  ecliptic,  we  have  the  calculated  longitude  as  follows: 


TT  +  precession  + 
nutation. 

Periodie  re- 
duction. 

Calculated  longitude. 

0  ' 

// 

// 

0 

ft 

10  38 

20. 02 

+25.85 

223 

45 

0.  70 

10  40 

5.98 

—  8.92 

287 

34 

4.  53 

II  30 

38. 14 

—25.01 

312 

17 

6. 13 

12  0 

43-61 

—26. 78 

327 

44 

49. 26 

12  3 

47.02 

4-i8. 66 

77 

II 

5.91 

12  5 

45-97 

— 26. 96 

142 

29 

58.  62 

12  8 

23.83 

+26.97 

232 

58 

57.94 

12  10 

52.55 

-25.89 

332 

18 

28.64 

12  13 

26. 08 

+  15.28 

81 

53 

53.99 

12  16 

16.18 

—II.  17 

176 

56 

31.56 

12  19 

17. 07 

+  9.68 

268 

42 

10.  21 

12  20 

17.64 

—19.13 

301 

49 

21.85 

12  22 

12.45 

+  4.92 

14 

30 

37.98 
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The  equations  of  condition  under  three  different  suppositions  are 


Supp.  I. 
// 

Supp,  II. 

Supp.  ni. 

o,9242:^L 

0.8562(100 

/In)  —  1.073//^  +  I.575ez^;r 

17.26 

-  22.97 

—  17.26 

I.0I5 



0.9184 

—  1.006 

—  0.  ?  1 

 ^_ 

11.63 

—  16.34 

—  II. 61 

1.054 



0.3204 

—  1 ,  1 1 5 

4.44 

-  8.81 

—  4-50 

1.074 

+ 

0.0606 

—  1.422 

  T     f  f*T 

—  1.537 

=  + 

2.98 

—  4.12 

+  2.96 

1.045 

0.0936 

+  1.837 

—  0.926 

=  + 

8.26 

+  1.98 

+  8.13 

0.942 

0.1048 

+  1.502 

+  1.209 

2.21 

-  8.47 

—  2.39 

0.9312 

0-1339 

—  1.286 

+  I.4I9 

9.89 

-  15-82 

-  9-99 

1.079 

0.1904 

-  1.309 

—     1. 641 

=  + 

4.93 

+  1.98 

+  4-93 

1.038 

0.2175 

+  1.896 

—  0.776 

=  + 

8.34 

+  3-44 

+  8.24 

0.912 

0.2208 

+  0.517 

+  i.8i8 

7.69 

-  14-65 

-  7-84 

0.981 

0.2694 

"  1-936 

+  0.397 

6.95 

—  11.29 

-  6.98 

1.0,^6 

0.2958 

"  I.9OS 

-  0.747 

0.92 

4.20 

—  0.90 

1.103 

+ 

0.3392 

+  0.077 

—  2.125 

.=  -|-  10.40 

+  0.94 

+  10.42 

The  normal  equations  resulting  from  these  equations  are 

Supp.  I.      Supp.  II,     Supp,  HI. 

//  //  // 

i3.3i8JL  —  o.097(iooJw)  —  y.ooSJe—  ^S^SeJTt  = -~  21.2501—  87.5901—  21.94 

—  0.097      +  2.128  +   2.599     —   1.481       =  +   28.73      +  30.40  or  +  28.63 

—  7.008      +2.599  +30.443     +  3-462       =+  91.19  or  +  116.47  or  +  90.69 

—  3.836      —  1.481  +  3.462     +  22.344      =  —  100.19  or  —  98.05  or  —  100.59 


Their  solution  gives 


n.  III. 


JL  =  —  1.540    or  —  6.923    or  —  1.615 
/jn  =  +  0.07024  or  +  0.07491  or  +  0.06989 

=  +  2.574    or  +  2.210    or  +  2.546 
e/lTt  =  —  4.683    or  —  5.424    or  —  4.7 11 

The  residuals  (observation-calculation),  severally  in  the  three  suppositions,  are 


I. 

// 

II. 

III. 

1757,  May 

3-S 

+  0.30 

+  0.75 

+  0.3s 

«7S9>  July 

9-S 

+  0.05 

+  0.27 

+  0.05 

1819,  Aug. 

s-s 

—  1.29 

-  I-3I 

—  1.36 

1855,  Aug. 

2  2.0 

+  0.66 

-  2.33 

+  0.65 

1858,  Dec. 

16.0 

+  0.15 

-0.58 

+  0.12 

i86i,  Feb. 

16.0 

•  +  0.31 

+  0.51 

+  0.28 

1864,  May 

16.0 

+  0.55 

+  0.16 

+  0.53 

1867,  Aug. 

23-0 

+  0.93 

+  2.01 

+  0.94 

1870,  Dec. 

19.0 

—  O.IO 

+  0.58 

—  O.IO 

1874,  Mar. 

18.0 

-0.66 

—  1.26 

—  0.67 

1877,  June 

19.0 

—  0.49 

—  0.08 

—  0.48 

1878,  July 

20.0 

0.00 

+  0.92 

+  0.05 

1880,  Oct. 

7-0 

—  0.44 

+  0.33 

"0.39 
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Supposition  I  corresponds  to  Bessel's  value  ^^-7^5  of  the  mass  of  Saturn,  while  (II) 
results  from  using  the  value  »  recently  derived  by  Prof  A.  Hall  from  observa- 
tions of  Japetus.  The  residuals  of  (II)  are  generally  larger  than  those  of  (I),  and,  in 
consequence,  I  shall  hold  to  Bessel's  value,  although  it  is  possible  that  when  the  ob- 
servations are  more  properly  reduced  a  better  showing  may  result  for  the  larger  mass. 
In  fine,  Supposition  III  results  from  (I)  by  applying  to  the  perturbations  the  corrections 
due  to  the  adopted  changes  in  the  elements  * 

*It  will  be  noticed  that  some  of  the  numbers  given  in  this  chapter  differ  slightly  from  those  stated  in  the  Astr* 
Nachr.,  Nos.  2705-2706.   This  is  because  at  the  time  of  the  publication  of  the  latter  the  term  —  B  tan     in  the  reduction 

of  orbit  to  ecliptic  longitude  (in  formula  on  page  523),  had  not  been  noticed.  Hansen  determines  his  nSz  in  such  a  way 
that  it  contains  no  term  rigorously  proportional  to  the  time.  This  differs  from  the  course  followed  by  those  who  employ 
other  methods  of  perturbation.  They  make  the  orbit  longitude,  as  measured  along  a  fixed  ecliptic  until  the  node  is 
reached  and  then  on  the  plane  of  the  orbit,  to  have  no  perturbations  proportional  to  t  But  Hanskn  regards  the  term 
i  dO 

2  sin*  2dt^  belonging  to  the  reduction  to  the  ecliptic. 


CHAPTER  XXIX. 


RECTIFICATION  OF  THE  FOEMULiE  FOR  THE  PERTURBATIONS  ON  ACCOUNT  OF  THE  CORRECTIONS 

OF  THE  ELEMENTS  JUST  DETERMINED. 


Hansen  has  treated  this  matter,*  but  the  expressions  he  derives  are  suitable  to 
the  employment  of  the  eccentric  anomaly  as  independent  variable.  As  the  modifica- 
tions, to  be  made  in  order  to  render  them  applicable  when  the  mean  anomaly  or  the 
time  is  employed  as  independent  variable,  are  not  readily  perceived,  we  will,  as  briefly 
as  possible,  develop  them  here. 

We  shall  suppose  that  the  elements  which  define  the  positions  of  the  planes  of  the 
two  orbits  are  known  at  the  outset  with  sufficient  exactitude  to  insure  the  desired  degree 
of  accuracy  in  the  expressions  of  the  perturbations  so  far  as  it  depends  on  them.  We 
can  also  suppose  that  the  terms  of  two  dimensions,  with  respect  to  disturbing  forces, 
require  no  sensible  correction  on  account  of  changes  made  in  the  elements;  and  we 
may  assume  that  the  same  is  true  for  u  and  u\  Hence,  we  shall  limit  our  attention 
to  determining  the  effocts  produced  in  the  first-order  terms  of  ndz^     n'Sjs^^  and  v\ 

Consequently,  we  can  assume 

I  dWo   _    .  dfi,^  an 

nSz=f[/Tndt]ndt 

The  augmentation  of  the  elements  being  denoted  by  Ja,  Ja',  Je,  Je',  Jtt,  and  Jtt',  we 
have 

T  =  d^b^r  -  (/  — )  -  ^  +  «-^[cos  (/-  0.)  -  X]]      +  £^  e  sin  ^. 

T  may  be  regarded,  then,  as  a  function  of  a,  9?,  p,  r, /  go,/',  r\  tt,  and  t';  or,  what 
is  the  same  thing,  as  a  function  of  a,  9?,  p,  r,  /,  /+  tt,  ay+Tt,  and  f  -f-  7r\  And  it  is 
evident  that,  instead  of  taking  the  partial  derivatives  of  T  with  respect  to  /-f-  tt,  tt, 


25  AST- — 35 


*AuBeinander8etzung,  Abth.  Ill,  ss.  272-297, 
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and/'+  7r\  we  may  take  them  with  respect  to     7,  and      provided  that  jdg^  jdy^  and 
are  determined  by  the  equations 

A  ^         ^      ^  A 

dg  dg 

dao 

day  dco 

dy  dy 

dg*  c[g' 

and  that  we  conceive     p,  and  r'  to  be  augmented  by  rJvj  p^jSy  and  r'^v',  such  that 

.      jda     cos  €  +  e  ^       e  sin  6  ^ 
^^  =  -^  "   cos>  "5^^^ 

.  .  cos  ?j  +  e  ^       e  sin  w  ^ 


.  ,     Aa'    cos  f'  +  e'  ^  ,    &  sm  f'  ^  , 

=:  — J  .  „     ,    A^  —  — — —tAtz' 

a'       cos^  qj'  cos  9/ 


Then,  we  have 


The  coefficients  of  the  first  four  terms  have  already  been  used  for  the  computation 
of  the  second-order  terms.  Also 

a  d£l 
~  cos  q)  dv 


In  computing  the  second-order  terms  we  have  derived  the  value  of 

^         2^   P  X  2a   p  .  ^  -      ,  dfi 


whence 


where  C  has  also  been  employed  in  treating  the  second-order  terms.    In  the  next  place 
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Consequently,  as 

log  h  =  const.  —  ^  log  a  —  log  cos  q> 
and  thence   

h   "~       2  "a"      COS  (p  ^ 

we  shall  have 

=  A  J,  +        +  B^.  +  G^^  +  C(i*  - 1        +  t(^  +  J^)  +  +  (T  +  T)  J;, 

The  computation  of  the  first  five  terms  of  this  formula  is  then  quite  similai*  to 
that  of  the  second-order  terms,  and  we  may  put 

L  =  A^g  +  F J^'  +  B +  G Jv'  +  g(^~  "  J  ^ ) 
Integrating,  we  derive 


But  from  formulae  to  be  given  shortly  it  will  be  seen  that 


— - —  =  2  2/Jy  5 — 

dg         a  COS*  (p 


Hence 
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The  expressions  for  Jg  and  Jv  a^e 

5^[(f-«'>"^+;W'-J:"')B'-^  +  5(-'5.-''i:>'»3,»  +  .  .  .] 

^[(jr+Jr).tai,  +  i(J'.''+Ji'')»In2j  +  i(jp+Ji:')sin3j  +  .  .  .] 


eAn 
"cos 


'  We  have  yet  to  ascertain  the  corrections  due  to  the  change  of  the  integrating 
factors.    T  being  a  function  composed  of  such  terms  as 


we  have 


T  =  A  sin  (ny  +      +      +  B  cos  {ny  +  Vg'  + 


A  B 
Wo  =  -   cos  {Ky  +  iy  +  ig)  +   sin  {ny  +  Vg'  + 


Whence 


i'A 


2  cos  {ny  +      +  ig) 


^/ — Y  ^ 


^siu  (ny+i 


But 


J'Wondt  = 


jsin  («x  +  iy  +  ig) 


B 


-COS  {Hy  +  i'g'  +  ig) 


whence 


and 


/ 


In  like  manner 


dy  J  2 


Thus,  we  have,  for  getting  the  coiTections  of  the  perturbations  due  to  a  change  in  the 
integrating  factors,  the  very  simple  formulai 


"^^^'^  ^''^'-fc.-  cL>^:x^^  (j^^  TJXCvti/*'!^^) 

-^v^         cliff' ^  ^  .  ^  ^  ^ 


6^    -.    -1  £51-^^.  4^' 


-Uu,  fr-v..L;X:^  cu^w.^^  y^'^  s^x^or^  /.^xi^cJz^  oJX 


'  r 


4:1 


1/ 
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On  account  of  the  smallness  of  the  eccentricities  of  the  major  planets  it  often 
happens  that  the  corrections  /In  and  /in'  are  quite  large,  while  the  effects  of  these  cor- 
rections on  the  positions  of  the  planets,  being  'more  properly  represented  by  the  products 
e/ln  and  e! /l7t\  are  quite  small.  In  these  cases  it  may  be  reasonably  feared,  since  /Ig 
and  /iY  contain  the  term 


An 


cos  <p 
and  /ig[  the  term 


that  it  will  not  be  sufficiently  approximate  to  consider  the  corrections  of  the  perturba- 
tions as  equivalent  to  linear  functions  of  /Iv^  /lg\  /ly\  etc.,  the  terms  involving  the 
squares  of  and  /ig'  and  their  products  with  /Iv^  /Iv' ^  etc.,  becoming  sensible  on 
account  of  the  largeness  of  /In  and  /ln\ 

A  little  consideration,  however,  shows  that  this  difficulty  may  be  readily  sur- 
mounted.   Let  us  suppose  that  putting,  for  the  sake  of  brevity, 

I  +  f  6*                     I  +  1^ 
E  =  ^  E'  =  ^- 

cos  q>  cos  q>* 

.  we  substitute  for  /ig^  /ly^  and  /ig'  the  expressions 

Ag  =  ^An  +  J(^) 
Ay  ==  E  J;r  +  A{y) 
Ag^  =  B'An'  +  A{g') 

SO  that 


2eAn 
cos 


with  a  similar  expression  for  /l{g').  Now,  when  ^f,  y,  and  g'  are  augmented  by  their 
increments  /Ig^  /iy^  and  the  variation  of  the  arguments  due  to  the  terms  E^;r  and 
Yl/in'  may  be  retained  within  the  functional  signs  sin  and  cos,  and  the  corrections  of 
the  perturbations  exhibited  as  a  linear  function  of  ^(^),  ^C^),  etc.  Thus  the  general 
argument  ny    iy  +  %g  becomes 

ny  +  ay  +     +  (k  4.  i)^An  +  i'WAn* 

The  presence  of  the  two  terms  ending  this  expression  evidently  has  no  influence  on  the 
coefficient  when  integrations  are  performed,  or  when  we  go  through  the  operation  of 
putting  yrzg.    Hence  the  following  precept : 
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In  the  preceding  formulae,  for  obtaining  the  corrections  of  the  perturbations  arising 
from  changes  in  the  elements,  we  may  everywhere  substitute  ^{g)  and  ^{g')  for 
and  ^g\  provided  that  at  the  end,  when  the  expressions  for  the  perturbations  have  been 
reduced  to  series  of  terms  of  the  form 

we  replace  n  by 

or,  which  applies  to  any  form  the  perturbations  may  be  in,  we  everywhere  replace  g 
by  5r  +  E^;r,  and  ^      g'  +  E'j7r\ 

In  applying  these  formulae  to  Jupiter  and  Saturn  it  was  assumed  that 

Z€=  +  2.566  J&  =  +  0.527 

€^7t  =  —  4.550  e^^Tt^  =  —  0.093 

=  +  0.06958  Jn'  =  +  0.12853 

From  these  numbers  we  derive 

log  —  =     3.6280^  log      =  4.289571 

log  2      =     4.2648  log  2      =  5.o548» 

{ir  +         )  =     3.2479  log  [j^  +  3^ )  =  4.2563n 

EJ;r=  -  i'34".7S  WJn' =  -  i".6j 

A9)=  2  [5.0955]  sin  +  2  [5.3440]  cos  g 
+  2  [3.1766]  sin  2^  +  2  [3.4251]  cos  2g 
+  2  [1.5587]  sin     +  2  [1.8073]  cos  zg 

-^y)  =  2  [44073]  sin  2  [3.6553]  cos  g' 
+  2  [2.5535]  sin  2g'+  2  [1.8016]  cos  2g* 
+  2  [1.0007]  sin  zg'+  2  [0.2489]  cos  ^g* 

—  2  [4.7945]  cos  g-\-2  [5.0430]  sin 

—  2  [3.1766]  cos  2^  +  2  [3.4251]  sin  2g 

—  2  [1.7348]  cos  35'  +  2  [1.9834]  sin  z9 

Jv'=  —  [4.3052J 

—  2  [4.1063]  cos  £f'+ 2  [3.3543]  sin  g' 

—  2  [2.5535]  cos  2g*+  2  [1.8016]  sin  2g' 

—  2  [1.1768]  cos  3^'+  2  [0.4250J  sin  3^' 
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Application  to  Jupiter. 


The  value  of  L  is  found  to  be: 


L 

Axg—ny -fVg'^-ig 

L 

sin. 

COS. 

Bin. 

COS. 

Kit 

// 

7£      t  t 

// 

// 

I        0   I 

-f  0. 0000208 

—  I  4 —  I 

+0.0001 

+0. 0009 

I       0—  2 

— 0.000013 

0       4—  2 

— 0.00014 

—0.00120 

— 0. 0003461 

-fo.  0006866 

1      4 —  2 

—0. 0026 

0      4 —  3 

_j_o.  002 

0.  000 

 1         t4_  t 

+0. 0004 

— 0, 0003 

010 

— 0. 0005 

-f  0. 0004 

—I     5—  I 

+0. 0001 1 1 

+0. 000177 

I     I —  I 

—0. 0002 

-f  0. 0001 

0  5—2 

 0.  000  I 

— 0. 0002187 

— I     I  0 

0.0000 

-f  0.0001 

«     5-  3 

+  0.  000074 

+0. 000049 

— I  5—2 

—0.001195 

+0. 000201 

—  I       2  0 

+0. 00201 

-f  0,00161 

0  5—3 

+0.  0008 

— 0.0002 

0       2—  I 

— 0.00317 

— 0. 00244 

-I     S-  3 

0.000 

— 0.001 

I       2 —  2 

-fo.  OOII 

-f  0. 0008 

—  I       2 —  I 

—0.0004 

+0. 0002 

— I  6 —  2 

— O.OOOI 

+0. 0001 

0  6—3 

+0. 0002 

— O.OOOI 

-130 

-fo.  0007 

0.0000 

—1     ^  3  ^ 

— 0.0003 

— 0.0005 

0     3-  I 

—0. 00086 

— 0. 00008 

+0. 00001 

—0.00006 

-fo.  0002 

0  7-3 

I     3-  2 

0.0000 

-f  0. 0029 

-I     7-  3 

— 0. 0002 

— 0. 0001 

-I     3—  I 

—0.0018 

0  3—2 

-f  0.0017 

— 0. 0036 

0  10 —  4 

+0. 0000010 

— 0. 0000020 

The  remainder  of  the  necessary  operations  being  performed,  we  obtain : 


Arg=i'^'+t^ 

sin. 

COS. 

COS. 

sin. 

i'  i 
0  0 

0 —  I 

0 —  2 

0-  3 

// 

—0.  0006872W/ 
— 0.  ooooi77«/ 
—0.  OGOooo6nt 

// 

—0.  ooo3428«/ 

— 0.  0000020W/ 
0.  QQOOOOOnt 

// 

—0.  000005  2«/ 

— 0. 00034367;/ 
— 0. ooooi77«/ 
—0.  oooooo9«/ 

// 

+o.oooi7i4«/ 

+0.  0000020W/ 

0.  ooooooo«/ 

I  0 
I—  I 

— 0, 0008 
0.0000 

+0,0008 
+0.0003 

+0. 0002 
0.0000 

+0. 0002 
— 0. 0002 

2—  I 
2—  2 
2-  3 

+0.0545 
+0. 0023 
+0. 0005 

+0. 0406 
—0. 001 1 
— 0.0009 

+0. 0073 

+0. 0008 
+0. 0006 

— 0, 0059 
+0.0004 
+0.0019 

3—  I 
3-  2 
3-  3 

+0. 0082 
— 0.0130 
+0. 0006 

+0.  OOIO 
+0,  0221 
+0.  OOII 

— 0. 0014 
— 0.0051 

— 0. 0005 
— 0. 0081 
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Av 

Bin. 

COS. 

COS. 

sin. 

4—  2 
4—  3 

// 

+0.0015 
+0. 0038 

// 

+0.0092 
+0.001 1 

// 

0.0000 
+0. 0024 

// 

— 0. 0015 
—0.0006 

5-  2 
5-  3 
5 —  4 

+0. 1207 
— 0. 0926 
— 0.0015 

+0.0903 

+0.0155 

+0. 0010 

— 0. 0042 
—0. 0458 
— 0.0014 

+0. 0067 
— 0. 0076 
—0.0014 

6-3 
6-4 

—0.0009 
+0.0006 

+0. 0007 
+0.0006 

— 0. 0002 

— 0. 0002 

7-  3 
7—  4 

—0.0005 
+0.0009 

+0.0017 
+0.0004 

+0.0004. 

— 0. 0003 

lo—  4 

— 0. 0067 

+0. 0082 

Application  to  Saturn. 


The  value  of  L'  is: 


V 

L' 

A.Tg=zHy'-\'i'g'-\-ig 

sin. 

COS. 

sin. 

COS. 

H      V  i 
—  I       I  0 

// 

— 0. 0036 

ff 

— 0.000416 

H       i'  i 
—  I       3—  2 

+0.003 

// 

— 0.001 

100 

+0. 002797 

— O.OOI9I2 

—I       4-  2 

+0.017 

— 0. 027 

— 12  0 

— 0. 020 

+0. 01502 

0  3—2 

— O.OII 

+0. 021 

0       I  0 

+0.01 15 

— O.OIOI 

-I       5-  2 

+0.00055 

— 0. 01219 

020 

+0. 002 

— 0.004 

0      4—  2 

+0.0009 

+0. 0098 

— I       I—  I 
0     0—  I 

— I       2 —  I 
0       I—  I 

0.000 
+0.004 
+0.001 1 
— 0. 005 

— 0. 007 
+0. 008 
— 0. 0027 
+0. 003 

—  I  6—2 

0  5—  2 

1  4 —  2 

I    5-  2 

— 0. 00137 
+0.0012451 
— 0. 00029 
— 0.00006 

—0. 00130 
+0. 0022934 
— 0.00016 

+0.00001 

I       0—  I 

+0. 005 

+0.001 

-I     5-  3 

+0. 008 

+0. 002 

—I     3—  I 

—0.0243 

— 0. 0210 

0  4-3 

—0.013 

— 0. 002 

0     2—  I 

+0.0195 

+0. 0144 

-I  6-3 

+0. 010 

— 0. 003 

I     I —  I 

—0.0013 

— 0.0014 

0  5—3 

—0.009 

+0.003 

—I     4—  I 

— O.OIOI 

— 0.0015 

-1     7-  3 

+0. 0021 

— 0. 0022 

0    3—  I 

+0. 0084 

+0. 001 1 

0  6—3 

— 0. 001 

+0.001 

I     2—  I 

— 0. 0007 

+0.0003 

—I  8—3 

+0.0001 

— 0. 0006 

—1     2—  2 

+0. 0026 

+0. 0008 

0  7-3 

—0.0001 

+0. 0006 

0  1—2 

-0.093 

—0.030 

—I  10 —  4 

+0. 00012 

— 0. 00007 

I  0 —  2 

+0.09 

+0. 02 

0   10—  4 

— 0.000015 

+0. 000025 
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The  remainder  oi  the  necessary  operations  being  performed,  we  obtain: 


'dz') 

sin. 

C08. 

COS. 

sin. 

i'  i 

// 

// 

// 

// 

0  0 

+0.0006 

+0.  000027«V 

I  o 

+0. 0029 

+0. 0028 

— o.  ooi886«'/ 

— 0.  oo2755«V 

2  0 

— o.  0005 

+0.0010 

—0. 000030W  V 

— 0.  oooo46«V 

 0.  00004^^ 

3  o 

— 0.000001  «V 

— 0. 000002«'/ 

0 —  I 

 0. 0004 

+0. 0012 

0.0000 

—0.0004 

I—  I 

 0027 

— 0.  0008 

 0.0019 

2—  I 

—0. 1877 

—0.  1455 

— 0. 0523 

-i-o.  0397 

3-  I 

—0.  0221 

—0.0017 

-^-o.  0083 

— 0.  0004 

1—  2 

 0010 

-J-O.  UUU  j 

+0. 0013 

— 0. 0003 

2—  2 

 0.  0007 

+0.  0007 

—0.0003 

— 0. 0003 

3—  2 

 0.  0061 

+0.  0020 

— 0.  0046 

— 0. 0020 

4—  2 

4-0.0178 

— 0. 4020 

+0.0094 

+0. 1967 

5-  2 

—0.  2931 

—0.  2678 

+0. 0075 

+0.0108 

6—  2 

-1-0. 0017 

— 0.  0003 

—0.0009 

— 0. 0002 

4—  3 

+0. 0003 

0.0000 

—0.^0006 

0.0000 

5-  3 

— 0. 0012 

+0,0004 

—0.0012 

— 0.0004 

6-3 

— 0. 0028 

+0. 0029 

— 0. 0016 

— 0.0017 

7—  3 

+0.0009 

—0.0053 

+0. 0002 

+0. 001 1 

9-  4 

+0.0019 

— 0.0012 

+0. 0010 

+0. 0005 

lo—  4 

+0.0159 

—0.0187 

In  addition  to  the  corrections  here  stated  it  must  be  understood  that  in  all  thd 
arguments  g  is  to  be  replaced  by  5^  +  E^;r,  and  g'  by  g'  +  E'Jtt'. 


CHAPTER  XXX. 


ADDITION  OF  THE  SEVERAL  PORTIONS  OF  THE  EXPRESSIONS  FOR  THE  CO-ORDINATES  OF  JUPITER 
AND  SATURN  AND  REDUCTION  OF  THEM  TO  THEIR  FINAL  FORM. 


In  this  final  chapter  we  snail  be  engaged  in  putting  the  expressions  we  have 
arrived  at  in  a  final  form.  In  the  first  place,  it  is  determined  to  change  the  values  of 
the  masses  of  four  of  the  major  planets  so  that  they  stand  as  follows  : 


Mercury, 


Venus, 


7500000 


408134 


Earth, 


327000 


LTranus, 


22640 


The  remaining  four  still  retaining  the  values  of  their  masses,  which  were  stated  in 
Chapter  I.  Consequently  to  the  terms  of  the  perturbations  of  Jupiter,  which  have  its 
own  mean  anomaly  as  argument,  ought  to  be  added  the  following  corrections : 


^{nSz)  =  +  0.0001609^^  sin  (- 
+  0.000001971^  sin  (- 
o.ooooooowt  sin  (- 

=  +  0,0020 

+  o.oooooigw^ 

—  0,0007        cos  (- 

+  0.000080471^  COS  (- 
+  o.oooooipw^  cos  (■ 
+  0.0000001  W<  COS  (- 


Vcos  I J 


+  0.000141471^  sin  (- 
+  0.000003471^  sin  (- 
+  o.ooooooi7it  sin  (- 


g)  +  0.001545071^  cos  (—  g) 
2g)  +  o.ooooi867it  cos  (—  2g) 
39)  +  0  000000471^  cos  (—  3^) 


g)  —  0.0001  sin  (—  g) 

■  g)  —  0.000772571^  sin  (—  g) 
•  2g)  —  o.ooooi86w^  sin  (—  2g) 

Zg)  —  o.oooooo77tt  sin  (—  3^) 

—  0.000005171^ 

■  g)  +  0.000070271^  cos  (—  g) 
2g)  +  0.000001771^  cos  (—  2g) 
Z9)  +  0*000000171^  cos  (—  Z9) 


In  addition  the  small  terms  dependent  on  the  elongations  of  Jupiter,  severally  from 
Venus  and  the  Earth,  ought  to  be  modified  to  suit  the  new  values  of  the  masses  of  the 
latter  planets;  also  the  remaining  periodic  terms  due  to  the  action  of  Uranus  ought  to 

be  multiplied  by  the  factor 
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For  the  same  reason  the  terms  of  the  perturbations  of  Saturn,  having  its  own 
anomaly  as  argument,  ought  to  receive  the  additions 

//  // 
J(n'djr')  =  —  0.00615771'*  sin      +  0,01127671'*  cos 

+  0.0002       sin  2</'  +  0.0001        cos  2g' 

—  o.oooo86n'*  sin  2g'  +  0.00015871'*  cos  2g' 

—  o.ooooo27t'*  sin  ^g'  +  0.00000471'*  cos  3^' 

j^y'  =  -f  0,0192 

+  0.00008671'* 

—  0,0058  COS  g^  +  0,0024  sin  ^' 
+  0,00307871'*  cos  g"  +  0.00563871'*  sin  g* 

—  0.0002  cos  2</'  +  o.oooi  sin  2^' 
+  0.00008671'*  cos  2g'  +  0.00015871'*  sin  2^' 
+  0,00000471'*  cos  ^g'  +  0,00000771'*  sin  3^' 


+  0.0008 


+  0.00002671'* 

—  0.00238271'*  sin  </'  —  0.00311071'*  cos  g' 
+  0.0002        sin  2^'     0.0000       cos  2^' 

—  0.00006771'*  sin  2</'  —  0.00008771'*  cos  2^' 

—  0.00000371'*  sin  3p'  —  0.00000471'*  cos  3^' 

In  addition  the  small  terms  dependent  on  the  elongations  of  Saturn,  severally  from 
Venus  and  the  Earth,  ought  to  be  modified  to  suit  the  new  values  of  the  masses  of  the 
latter  planets;  also  the  remaining  periodic  terms  due  to  the  action  of  Uranus  ought  to 

be  multiplied  by  the  factor  j^g^- 

Hansen's  co-ordinate  v  is  not  that  which  it  is  convenient  to  tabulate.  We  adopt 
^og  (i  +  ^)  in  its  place.    Consequently,  neglecting  all  higher  powers  of  v  than  the 

second,  we  add  to  v  the  quantity —^v^-  The  expressions  for  this,  severally  in  the 
cases  of  Jupiter  and  Saturn,  follow: 


Arg=t'^'4-t^ 

COS. 

sin. 

{'  t 

//           //  // 

//           //  // 

0  0 

— 0.  0249-f .  OOOOOIM/— .  000001  IG«2/5 

0 —  I 

— 0, 0071 — .000007M/— ,  OOOOOOIOW^/^ 

—0. 0047+,  ooooo8«/-f-.  ooooooo5«5/« 

0 —  2 

+.  00000009M2/2 

-f,  000001 1  8m5/2 

0—  3 

-|-,ooooooo5m5/' 

-f-0,  0004-t-.  000002W/ 

-f  0,  OOO5+.  000002W/ 

I  0 

-|-o,  0090-f .  000050^/ 

-f  0. 0037—.  000029M/ 

I—  I 

+0.  002I-f .  000005«/ 

—0, 0030 — .  ooooo6«/ 

I—  2 

— 0, 0007 — .  000036^/ 

-|-o.  0003—.  oooo48«/ 

I—  3 

— .  000002W/ 

— . OOOOOIM/ 
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cos. 

sin. 

»'  i 

//            //  // 

//           //  // 

2+  I 

.  oooooow/ 

-|-.  0OO002W/ 

2  0 

-f  0. 0017-I-.  000028«/ 

-fo.  0036-I-,  000038/;/ 

2 —  I 

— 0.  0079+.  COOOgOW/ — .  O00O0002«V 

-)-o.  0094-}-.  OO0237«/'-[-.  oooooooiw'/' 

2 —  2 

+o.ooii+.oooo38«^ 

+0.  0013-—.  000020K/ 

2—  3 

+  .000228«/ 

— ,oooio3«/ 

2—  4 

+  .  00001 2«/ 

— . 000005W/ 

3  ^> 

-|-o.  0009 — .  OOOOOIW/ 

— 0, 0029 — ,  ooooo8«/ 

3—  I 

-)-o.  oi97-{"'  ooooi6«/-|-.  ooooooo2«V 

— 0.  0074 — .  00007IW/-1-.  oooooooiwV 

3—  2 

+0. 0029+,  ooooi8«^ 

+0. 0004 — .  ooooo6«/ 

3—  3 

— 0. 0035—.  ooooSow/ 

+0. 0060 — .  ooooo8«/ 

3 —  4 

— .  ooooo7«/ 

— .  000025W/ 

4—  I 

-]-o.  ooo6-|-.  ooooo7«/' 

-|-o.  0004 — ,  ooooo6«/' 

4—  2 

-j-0. 0004 00001 7w/ 

-|~o.  oo47~i"'  000007W/ 

4—  3 

— 0. 0023—.  ooooo6«/ 

— 0.  0031 — .  OOOOI2W/ 

4—  4 

— 0. 0095 +.  OQOOo6nt 

— 0.  0105—.  000020W/ 

4—  5 

— .ooooo6«/ 

.  oooooow/ 

5—  I 

— .  000026«/' 

-j-.  oooooiw/ 

5—  2 

+0. 0002— .0001 16«/+.  ooooooo9«2/* 

+0.  0002—.  OOOI42W/— .  ooooooo6«'/* 

5—  3 

+0. 0006-I-.  oooooiw^ 

+0. 0019+.  000015W/ 

5—  4 

+0. 0025—.  OOOI30W/— .  oooooooS^V'' 

+0.  OO95+.  OO0I20K/-f .  00000005«V» 

5-  5 

— 0. 0025 — .  OOOOIOW/ 

+0.  0020+ .  000004«/ 

O —  2 

0.0000  .OOOOOOW/ 

+0.  0001 — .  0QO002nt 

6-  3 

— 0,OOOI-f  .000002W/ 

— 0. 0003—.  OOOOOIW/ 

6 —  4 

4-0.  0013—.  000002W/ 

— 0.0051  .OOOOOOW/ 

6-s 

—0. 0015 — .  OQOOOint 

0.  0000 — ,  0QO002nt  ' 

7—  3 

+0. 0005+,  ooooo3«/ 

— 0, 0003    ,  oooooont 

7—  4 

-|-o.  0056 

— 0.001 1 

7-  5 

+0.0I9S 

+0. 0105 

8—  3 

0.  0000+ .  OO0O02W/ 

+0, 0005+.00000IW/ 

8-  4 

— 0. 0013 

—0.0003 

8-  s 

— 0. 0035 

— 0. 0060 

8—  6 

+0. 0010 

— 0. 0020 

9—  4 

— 0.0001 

0. 0000 

9-  5 

0,0000 

— 0. 0007 

9-6 

+0.0015 

— 0.0010 

10—  4 

0.  OOO0+.  000003W/ 

+0. 0001—.  OOOOOIW/ 

10—  5 

— 0.001 1 

+0.0015 

10—  6 

— 0. 0070 

— 0.0010 
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COS. 

sin. 

it 

t 

//          //  // 

/f              u  u 

0 

o 

— o.  2024-I-.  oooo68«V— .  oooo4837«'V2 

I 

0 

+0. 0509 — .  ooi4i7«V— .  ooooo468«'V3— 

10" 

+0.  0844+.  002225«'/+.  OOOOOI99«'V»+  -^^''^^ 

2 

o 

-|-o.  0144 — .  ooo2i6«'/-["*  000021 10«'^^* — 

230«'V3 

+0. 0157+.  oooo52«V+.  oooo434i«'2^2+  Zsn'H^ 

3 

0 

-f-O.  0023 — .  OQ002)Mt-\~.  QOOOOI  l6»'2/^ — 

20w'3/3 

—0.  0038—.  000002wV-|-,  O0O00238»'*/*  ow'V 

4 

O  - 

— .  oocxx)i«'/-|-.  ooooooo6w'V^ 

.  oooooo«V-|-.  000000 1 3«'V* 

1 

—0. 0039—.  000104^'/ 

— 0. 0037+.  oooo68«'/ 

Q  

— 0. 0074 — .  oo2537«V-|-.  oooooo30«'V* 

— 0. 0040+.  ooio55«'/+.  00000065^'^* 

1  

— 0. 02744-.  ooo878«'/+'  ooooooo2w'V* 

+0. 0745-f .  ooi653«'/+.  oooooo54«'V* 

2 — 

I 

-f-o.  0580-I-.  oo2o85«'/ — .  oooooo30«'^/* 

+0. 105l+,00I722«V4-.0OO0OO5l«'V^ 

3- 

I 

-f-o.  1415-)-.  ooii39«V+.oooooio7«'*/* 

—0.  0577—.  OOI26o«'/+.  0000003I«'2/* 

4— 

— 0. 0207 — .  0001  i$n't — ,  0000001 1«'2/* 

— 0. 0065 — .  oooo62«'/— .  00000024«'V* 

s- 

0. 0000 — .  000007 

0.  oooo-|-.  ooooo*jn't 

0— 

2 

—0.  0014 — .  OO0O29«'/ 

+0. 0009+.  oooo37«V 

I — 

2 

—0.  ooo8-f .  oooo72«V 

-f  0. 0028+.  ooo465«7 

2 

+0.  OI95+.  000239«V+.  ooooooiow'V* 

2 

-4-0. 01^7-1-,  oo4^^4w'/4-.  ooooo2o5w'2/* 

—0. 0439—.  oo3474«V+.  ooooo390«'3/2 

4— 

2 

— 0. 0373—.  ooo4i5«V-l-.  oooooo3i«'*/* 

— 0. 1328—,  ooo207«7— .  oooooi39?«'V* 

5- 

2 

—0. 0013—.  oo4672«'/+.  ooooo375«'V3 

+0. 0199—.  oo2i69«V— .  ooooo624w'2/2 

6— 

2 

-|-o.  0001 +.  ooo289«'/— .  oooooi64«'2/2 

—0. 0009+.  ooo643«V+.  oooooo65«'2/3 

7— 

2 

-f.  000013WV— .  00000060f/'2/* 

-|-.  ooooio«7-|-.  00000005W  V 

.oooooowV 

-f  .ooooo3«V 

2— 

J 

+.oooio5«V 

+.ooooo7«V 

•5  

1 
o 

+0. 0093+.  000067^7 

— 0I3S+*  oooo33«V 

4 — 

•5 

3 

— 0. 0018—.  ooooi7«V 

— 0. 0094 — .  oooo6o»7 
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If  we  apply  to  the  elements  of  Jupiter  and  Saturn,  given  in  Chapter  I,  the  cor- 
rections of  Supposition  III  in  Chapter  XXVIII;  we  obtain  the  following  system  of 
values: 

Epoch  1850,  Jan.  0.0,  Greenwich  M.  T. 

O         *  *t  O        t  it 

L=  159  56  24.98  L'=  14  49  38.09 

=   II  S4  3i«67  7r'=  90    6  41.37 

^=  98  56  19.79  112  20  49.05 

t=     I  18  42.10  2  29  40.19 

e  =  0.0482551 1  e'  =  0.05606025 

n  =  io9256".62552  n'  =  43996''.2i5o6 

In  order  to  tabulate  the  radius  vector  of  a  planet  it  is  necessary  to  have  a  clear 
understanding  of  the  linear  unit  one  wishes  to  employ.  Let  us  suppose  that  it  is 
desired  that  the  semi-axis  major  of  the  Earth's  orbit  connected  with  its  sidereal  mean 
motion  by  the  well-known  equation  should  be  represented  by  unity.  Then  denot- 
ing the  Earth's  mass  and  its  mean  motion  the  semi-axis  major  of  Jupiter  is  given 
by  the  equation 

ti  +  m  n^~\i 
I  +  Wo  n^J 

and  that  of  Saturn  by  an  equation  entirely  similar.  For  we  take  the  value  given 
at  the  beginning  of  this  chapter,  and  we  put 

Wo=  I295977''.4i5i6 

It  is  here  understood  that  is  the  constant  of  the  Earth's  orbit,  which  is  exactly 
analogous  to  the  constants  n  and  w',  severally  belonging  to  the  orbits  of  Jupiter  and 
Saturn.    This  gives 

log  a  =  0.716237408S  log  a'=  0.9794956385 

In  the  expressions  for  the  co-ordinates  which  follow,  the  inequalities  of  the  funda- 
mental argument  and  of  the  latitude  are  given  the  form 

Ic^  sin  {x  +  Ko)  +  TcyT  sin  {x  +  Ki)  +  h^T^  sin  {x  +  ^2)  +  Tc^T^  sin  {x  +  ^z) 

and  that  of  common  logarithm  0  =  i  +      the  form 

^0  cos     +  Ko)  +  fciT  cos  {X  +  Ki)  +  AiaT'  cos  {x  +  K^)  +  fcjT^  cos  {x  +  K3) 

The  unit  of  T  is  a  century  of  Julian  years,  and  it  is  counted  from  1850.0.  K  is  so 
taken  that  h  may  be  positive,  except  in  the  absolute  terms,  where  K  is  supposed  to 
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vanish  and  k  receives  its  proper  sign.  The  k  belonging  to  the  common  log  {i  +  y)  are 
uniformily  expressed  in  units  of  the  seventh  decimaL 

The  values  of  the  constituents  of  the  arguments  occurring  in  the  formulae  are 


g    =148    I  53.31  +  105256.62552* 
g'   =  284  42  56.72  +  43996.21506* 
g'f  =  220  10  10.35  +  15425.752* 
291  48    8.61  +  7864.935* 

=  84  I        +  1997384.73* 

5  —  2|  =  299  52  +  1186720.79* 

9  —  ^  =  229    8  +  2062645.15* 

5  —  ^  =  84  59  +  1251981.21* 


Inequalities  of  the  fundamental  argument  of  Jupiter. 

To  form  the  value  of  nd^  it  is  necessary  to  add  together  the  following  expres- 
sions : 

I.  The  first-order  terms  due  to  the  action  of  Saturn  (pages  103-105). 

II.  The  first-order  terms  due  to  the  action  of  Uranus;  as  given  at  page  160 
they  must  be  multiplied  by  the  factor 

III.  The  first-order  terms  due  to  the  action  of  Neptune  (page  191). 

IV.  The  small  terms  arising  from  the  action  of  the  four  interior  planets,  given 

at  pages  193-196.  Those  coming  from  Venus  and  Earth  must  be  modi- 
fied to  correspond  to  the  masses  adopted  at  the  beginning  of  this 
chapter. 

V.  The  second-order  terms  arising  from  the  mutual  action  of  Jupiter  and 
Saturn  (pages  290-292). 

VI.  The  third-order  terms  arising  from  the  mutual  action  of  Jupiter  and 
Saturn  (pages  404,  405) 

VII.  The  second-order  terms  arising  from  the  joint  action  of  Saturn  and 
Uranus;  as  given  at  page  479  they  must  be  multiplied  by  the  factor 
21000 


22640 

VIII.  The  terms  of  ^{ndz}^  given  at  pages  528,  529. 
IX.  The  terms  of  J{nd^)^  given  at  pages  551,  552. 
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In  passing  from  terms  multiplied  by  nt  to  those  multiplied  by  T  the  logarithm 
of  the  factor  to  be  employed  is  1.7240226,  and  in  deriving  the  K  we  remember  that 
E^;r  =  —  98".o82  and  E'^;r'  =  -  4''.883. 
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Inequalities  of  the  logarithm  of  the  radius-vector  of  Jupiter, 

To  form  the  expression  for  the  common  logarithm     =  i  +      it  is  necessary  to 

add  the  nine  portions  correspondent  to  those  of  ndz^  and,  in  addition,  the  terms  of 
—  given  at  pages  555,  556.  The  logarithm  of  the  factor  for  passing  from  seconds 
of  arc  in  v  to  units  of  the  seventh  decimal  in  the  final  form  of  the  co-ordinate  is 
1.3233592. 
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Periodic  inequalities  of  the  latitude  of  Jupiter. 


We  have  only  to  change  the  expression  given  (pages  526,  527)  to  the  form  here 
adopted  and  to  take  account  of  the  corrections  to  the  angles  K  arising  from  E^tt  and 
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We  derive /from  nz^g-^-nS^  by  the  formula 

H  it  H 

f=  nz+  19900.870  sin  nz  +  599.861  sin  2nz  +  25.072  sin  ^nz 
+       1. 198  sin  4.nz  +    0.062  sin  ^nz  +  0.003  sin  6nz 
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Then 

com,  log  f  =  0.71522495  —  com,  log  (i  +  e  cos /) 

In  addition  lz=.f  -\-7t^  and  we  derive  R  from 

E  =  +  27''.029  sin  {zl  +  ^^z^  f  20'')  +JQ'^oo2  sin  (4?  +  324O) 

The  heliocentric  longitude  of  Jupiter,  referred  to  the  mean  equinox  of  date,  is 

X  =  /+  E  +  ;r  +  so".2647o8* 

In  order  to  get  the  equation  which  determines  sin  fi^,  we  note  that  the  correction 

of        (page  554),  on  account  of  changes  in  the  values  of  the  disturbing  masses, 

requires  that  the  A  and  B  of  page  525  should  receive  severally  the  corrections 
—  o",oo75T  and  +o''.oo37T,  so  that  the  equation  for  cos  i  sin  h  now  becomes 

//  /y  // 

COS  i  sin  &  =     [—  13.0524T  —  0.06615T2  +  0.0003241^]  sin  I 
+  [      9.431  iT  —  0.08661T2  -  0.000240T3]  cos  I 

If  we  add  this  to  the  expression  for  the  portion  of  sin  y?0)  which  arises  from  the  motion 
of  the  ecliptic  (page  526),  and  also  take  account  of  the  correction —^^5^^ -^^/(^^r), 
given  at  page  530,  we  obtain 

//  //  ti 

sin  fid  =     [    sin    cos  9q  +  33.7123T  —  0.14784T2  —  0.000107T3]  sin  I 
+  [—  sin  to  sin  6q  +  14,7021!  +  o.ii242T^  —  0,000659!^]  cos  I 

ft  n 

+  [—  0.0048T  +  0.00002T2]  sin  3? 
+  [—  o,ooo5T  —  0,00003X2]  cos  3Z 

Inequalities  of  the  fundamental  argument  of  Saturn. 

To  form  the  value  of  n^Sz'  it  is  necessary  to  add  together  the  following  expres- 
sions: 

I.  The  first-order  terms  due  to  the  action  of  Jupiter  (pages  106-108). 
II.  The  first-order  terms  due  to  the  action  of  Uranus;  as  given  at  pages  138, 
139,  they  must  be  multiplied  by  the  factor 

III.  The  first-order  terms  due  to  the  action  of  Neptune  (page  1 79). 

IV.  The  small  terms  arising  from  the  action  of  the  four  interior  planets,  given 

at  pages  196-198.  Those  coming  from  Venus  and  the  earth  must  be 
modified  to  correspond  to  the  masses  adopted  at  the  beginning  of  this 
chapter, 

V.  The  second-order  teims  arising  from  the  mutual  action  of  Jupiter  and 
Saturn  (pages  335-337)- 
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VI.  The  third-order  terms  arising  from  the  mutual  action  of  Jupiter  and  Saturn 
(pages  450^452). 

VII.  The  second-order  terms  due  to  the  action  of  Uranus,  and  given  at  pages 

474,  475;  they  must  be  multiplied  by  the  factor 
VIII.  The  second-order  terms  due  to  the  combined  action  of  Jupiter  and  Uranus. 
As  given  at  pages  485,  486  they  need  to  be  multiplied  by 
IX.  The  terms  of  J{n'Sz')  given  at  pages  534,  535. 
X.  The  terms  of  given  at  page  553. 


In  adding  these  several  portions  we  pass  from  terms  factored  by  n't  to  those  fac- 
tored by  T  by  multiplying  by  the  foctor  whose  logarithm  is  i  .3  289902 ;  and,  in  deriving 
the  K,  we  take  account  of  the  corrections  dependent  on  the  quantities  E^;r  and  E'^;r'. 
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To  form  the  expression  for  log  ~,  we  combine  together  the  ten  portions  of  v  cor- 
responding to  the  ten  portions  of  n'Ss'  and  besides  apply  to  the  sum  the  value  of  —  iv'^ 
(page  557)- 
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We  take  the  terms  oi ^13'  given  at  pages  531,  532,  and  multiply  the  co-efficients 

which  involve  ^  in  their  arguments  by  j^^?  and  afterwards  add  the  first  portion  of 

J{jdfi')  given  on  page  536.  To  these  can  be  joined  the  very  small  terms  due  to  the 
action  of  Neptune  (page  1 79).  The  whole  is  then  changed  to  the  form  adopted  in 
the  chapter. 
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161  SI 

0. 0012 

2?0 

4—  I 

0. 005 

208 

10 —  4 

0. 009 

4—  2 

0. 025 

349  4 

II—  4 

0.  002 

273 

4—  3 

0. 023 

281  40 

3—  S 

0. 001 

189 

4 —  4 

0. 001 

331 

4—  5 

0.013 

245 

«i —  I 

0.001 

16s 

5-  5 

0. 009 

214 

5-  2 

0. 003 

333 

6-  5 

0.004 

349 

5—  3 

0.021 

244  54 

7-  5 

0. 003 

317 

5-  4 

0. 005 

8-  5 

0.  002 

303 

6—  2 

0  001 

232 

9-S 

0.003 

272 

0 —  3 

0. 01 2 

10—  5 

0, 002 

247 

0. 002 

6-  4 

0. 003 

333 

II-  5 

219 

6-  5 

0. 001 

69 

4-6 

0,  001 

7 — 

0. 001 

0 

5-6 

0.005 

323 

7—  4 

0. 001 

288 

6-  6 

0.004 

292 

7  3 

0.001 

45 

•7—  6 

7  " 

0. 001 

63 

is —  o 

0. 001 

21 

8 

■  1+  I 

0. 002 

137 

9 —  6 

0.001 

I  0 

0. 005 

146 

10 —  6 

0.001 

351 

0.  OOI 

I —  I 

4 

6 —  7 

0. 002 

38 

1 —  2 

0.002 

120 

7-  7 

0. 002 

9 

276 

2  0 

0. 003 

2 —  I 

0.018 

98  27 

1+  I 

0.019 

259  21 

2 —  2 

0.001 

III 

I  o 

0. 080 

220  17 

I —  I 

0. 036 

II  34 

3—  2 

0.004 

232 

We  derive/'  from  n*^  —  g* •\'n'6sf  by  the  formula 

//  //  // 

^  ^Wz'  +  23117,434  sin  nV+  809.366  Bin  2n'z'  +  39.292  siu  3nV 

-1-       2.180  sin  ^n/z*  +    0.130  sin        +  0.008  sin  6n*z' 
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Then 

com.  log  ?'  —  0.97812861  —  com.  log  (i  +    cos /') 

In  addition,  V  z=.f  +  7t\  and  we  derive  R'  from 

R'=  +  97''.774  sin  (2^'+  3150  18'  22")+  0^.023  sin  (4^'+  270^  37') 

The  heliocentric  longitude  of  Saturn,  referred  to  the  mean  equinox  of  date,  is 

=/'  +    +  tt'  +  50^258141^ 

In  order  to  get  the  equation  which  determines  sin  we  note  that  the  correc- 
tion of  ^^-^  (page  555),  on  account  of  changes  in  the  values  of  the  disturbing  masses, 

requires  that  the  A  and  B  of  page  531  should  receive  severally  the  corrections 
—  o".0507T  and  —  o''.o662T,  so  that  the  equation  for  cos    sin  V  now  becomes 

U  tl  it 

COS  V  sin  h*  =     [    33.37S8T  +  0.16226T2  —  0.000858X2]  sin  V 
+      23.91 17T  +  0.21432T24-  0.000641X2]  cos  V 

If  we  add  to  this  the  expression  for  the  portion  of  sin  which  arises  from  the  motion 
of  the  ecliptic  (page  531),  and  also  take  account  of  the  correction  —  ^^^^^^(<y/), 
given  at  page  536,  we  obtain 

sin  y^o'  =     (    sintV  cos  ^0'  +  80.1664T  +  0.06123T2  —  0.001471T3]  sin  V 
+  [-  sin  V  siu  e^'  -  18.6681T  +  0.4281  iT^  —  0.000027T3]  cos  V 

+  [—  0.0208T  -  0.00035X2]  sin  3^' 
+  [    o,o33oT  —  o.ooo33T^]  cos  3?' 


Page  301.  Insert  in  the  table  beginning  in  the  middle  of  this  page  the  following 

line: 

I     I     o    o  I  —0.018886  I  +0.033370 1  +0.000304 1  — 0.000132 1  +0.000034!  — 0.00066  I  +0.000147  I  — 0.000095  I 

Page  377.  Insert  in  the  table  on  this  page  the  following  line: 

I  —I     o    o  I  +0. 0000130I — o.  0000937 1 — 0001570I — o.  0004719 1  — 0. 0008621I — o.  0011553 1  +0.0000327I — o.  0000799 1 

Page  379.  Insert  in  the  table  on  this  page  the  following  line: 

I  —I     o     o  I  +0. 0000605I — o.  0001759 1 +0-  0001224I — o.  0002322 1  +0. 0002096I — o.  0004344 1  —o.  00000071 — o*  0000032 1 

Page  380.  Insert  in  the  table  occupying  the  lower  half  of  the  page  the  following 

line: 

I    — 1     o    o    I    +0.0000403    I  — 0.0000593    I    +0,0002053    I  — 0.0000693  I 

I  ^P 

Page  384.  In  the  columns  headed  -  add  the  terms  corresponding  to  the 

argument  —  i    9—  4: 

+3.5     I  0.0 

Page  416.  Insert  in  the  table  occupying  the  lower  half  of  the  page  the  following 

line : 

I       I     o    o     I     —0.000544     I     +0.000973     I    —0.000254     I     +0.000341  I 
25  AST  37  577 
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